V 


AD-A041  208 


UNCLASSIFIED 


ROCKWELL  INTERNATIONA*.  COLUMBUS  OHIO  COLUMBUS  AlRCRA— ETC  F/6  11/4 
EVALUATION  OF  COMPOSITE  wlr.G  FOR  XFV-12A  AIRPLANE.  tUJ 
DEC  76  0 N ULRY » R W AEhRINO*  K I CLAYTON  N62269-74-C-0577 


NR76H-I35 


NAOC-77183-30 


NL 


ODC  FILE  COPY.  ADA041208 


EVALUATION  of  COMPOSITE  WING 
for  XFV-12A  AIRPLANE 

DECEMBER  1976 

Final  Report  23  June  1974  to  31  August  1976 


APPROVED  FOR  PUBLIC  RELEASE ; DI STR I BUT  I OF:  UNLIMITED 


Prepared  Under  Contract  N62269-74-C-0577 
For 

Naval  Air  Development  Center 
Department  of  the  Navy 

Warminster, Pennsylvania  18974 


Rockwell  International 

Columbus  Aircraft  Division 

4300  I . ist  Fifth  Avenue 
( It  net  u . ( )h»<  431*  O 


I 


Unc  Ossified 


5ECuRlTY  CL  ASSlFlC  AllON  O F ThiS  PA  .i  Whan  Dale  Fntrred 


REPORT  DOCUMENTATION  PAGE 

♦ . REPORT  NUMBER  Jf  ) 

^ ' NADCh7  7 183-30! v 


READ  INSTRUCTIONS 
BKFCKK  OMI'l.i  TING  FORM 


2 uOVT  ACCESSION  NO  1 ‘RECIPIENT'S  atalOC.  NUMBER 


4 TiTlE  (mnd  Subtitle) 

I (bJ — ” 

r Evaluation  of  Compos! 


>1 


I .'Tvpr  nr  RTPOBT  ft  PERIOD  COVERED 

/Final  / ' 


Composite  Wing  for  XFV-12A  Ai rp lan^.' \j6  Junij  1174-31  August  l»97a 


7 AUTHORflJ 


6 PERFORMING  ;RG  RE^O 
■4  Kim/; 


R E BO  P T NuVBW 


NR76H- 


CgJWTWWCT  OW  GRANT  NUMBER/'*) 


D.  N.juiry,  R.  W.  jf-ohring;  K.  I./CLayton  | , N62269-74-C-/57?.  , 


9 PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

Columbus  Aircraft  Division 
/ Rockwell  International 
4300  East  Fifth  Avenue 
f.n i mnhua , Qhi-n 4.32 16 


to  program  element,  project,  task 

AREA  4 WORK  UNIT  NUMBERS 


• t CONTROLLING  OFFICE  NAME  AND  ADDRESS 

Code  30331 

Naval  Air  Development  Center 


Warminsterj_  PA  18974 


14  MONITORING  AGENCY  name  ft  ADDRESS/"//  different  from  Controlling  Office) 


U.  ft£R£»MXOATE 


Dec 


1976 


13  NUMBER  OF  PAsy.-  ' J . \ 

^ .JL 

15  SECURITY -Cl. 


Unc lassif ied 


ISa  DECLASSIFICATION  DOWNGRADING 
SCHEDULE 

N/A 


1 6 DISTRIBUTION  statement  (of  this  Report) 

Approved  for  public  release;  distribution  unlimited 


17  DISTRIBUTION  STATEMENT  rot  the  abstract  entered  In  Block  20.  It  different  from  Report) 


Unrestricted 


ns 


10  SUPPLEMENTARY  NOTES 


W 


19  KEY  WORDS  (Continue  on  reverse  side  it  nece 


and  Identity  by  block  number) 


Composites 
Advanced  Composites 

Graphite/Epoxy 


V/STOL  Structure 
Wing  Design 


ABSTRACT  (Continue  on  reverse  side  It  necessary  mnd  Identity  by  block  number) 

^A  prior  study  conducted  for  the  Naval  Air  Systems  Command  for  application 
of  advanced  composites  in  the  XFV-12A  aircraft  indicated  the  wing  torque  box 
to  be  the  component  of  airframe  structure  having  the  greatest  potential  for 
significant  weight  savings  through  composite  material  application.  A Phase 
II  design/development  program  was  undertaken  to  develop  detail  design  con- 
cepts for  a XFV-12A  composite  wing  box  and  fabricate  a representative  section 
of  this  wing  box  for  development  test  and  evaluation  to  provide  abase  for  - 
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20.  ABSTRACT  (Continued) 

^subsequent  Phase  III  full  scale  verification  testing.  ^ 

A preliminary  design/analysis  investigation  was  conducted  on  several  design 
concepts  including  conventional  configurations  and  advanced  configurations 
which  capitalize  on  continuous  bonded  construction,  automated  manufacturing 
methods  and  reduced  number  of  parts.  From  these  studies  a configuration  was 
selected  for  detail  design/analysis,  fabrication  and  test.  The  selected 
configuration  utilizes  graphite/epoxy  sandwich  construction  with  glass/phenolic 
honeycomb  core  in  the  cover  skins,  front  spar  and  intermediate  spars;  solid 
graphite/epoxy  in  the  B.P.  33.93  rib  and  aluminum  in  the  centerline  rib,  rear 
spar  and  wing  to  fuselage  attachment  fittings.  The  upper  cover  skin  is  mechan- 
ically fastened  to  the  substructure  to  allow  removal  for  inspection  or  repair. 
The  lower  skin  is  mechanically  fastened  to  the  centerline  rib,  B.P.  33.93  rib, 
rear  spar  and  secondarily  bonded  to  the  remaining  substructure. 

Critical  joint  verification  coupons  were  fabricated  and  tested,  process  speci- 
fications issued,  and  a composite  wing  center  section  test  specimen  manufac- 
tured and  shipped  to  the  Naval  Air  Development  Center  for  subsequent  structural 
test.  The  composite  wing  box  design  reflects  a 197.  weight  saving  over  a base- 
line production  metal  FV-12A  wing  box  design.  This  weight  saving  was  achieved 
while  conservatively  limiting  stress  levels  within  the  wing  box  test  section 
to  a maximum  of  approximately  35,000  psi. 

Other  significant  accomplishments  of  the  program  include: 

o Demonstration  of  capability  to  fabricate  complex  double  curved  airfoil 
surfaces  and  wing  spars  with  graphite/epoxy  sandwich  construction. 

Examples  being  the  severely  contoured  wing  lower  cover  skin  inboard 
of  B.P.  33.3  rib  and  the  one-piece  front  spar  with  severe  sweep  angfce 
change  at  B.P.  33.3. 

o Development  of  a tapered,  interleaved  centerline  splice  joint  configura- 
tion that  maintains  .19  inch  overlap  per  ply  runout  and  transmits  at  least 
947.  of  the  full  cover  laminate  load  carrying  capability.  Cover  skin  ma- 
terial can  therefore  be  efficiently  utilized  and  is  not  limited  by  joint 
strength. 

o Development  of  a bolted  cover  design  which  allows  removal  of  cover  for 
inspection  or  repair,  incorporates  joint  "softening"  provisions  for  re- 
duction of  stress  concentration,  and  includes  integral  fuel  tank  sealing 
provisions . 

h Investigated  alternate  design  concepts  which  have  potential  for  manu- 
facturing cost  saving  and  increased  survivability  capability  in  future 
aircraft.  Examples  being  the  filament  wound  spar  concepts  for  configura- 
tion "C”  and  the  full-depth  sculptured  Trussgrid  core  configuration  with 
integral  graphite/epoxy  cover  skins. 
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This  final  technical  report  was  prepared  by  the  Columbus  Aircraft  Division 
(CAD)  of  Rockwell  International  Corporation,  Columbus,  Ohio  A 32 10,  under 
Naval  Air  Development  Center  (NAIXi)  Contract  N62269-74-C-0577  entitled 
"Evaluation  of  Composite  Wing  for  XEV-12A  Aircraft."  This  work  was  ad- 
ministered by  the  Air  Vehicle  Technology  Department,  Naval  Air  Development 
(.enter.  Department  of  the  Navy,  Warminster,  Pennsylvania  18974.  The  NADC 
Project  Engineer  was  Mr.  M.  S.  Rosenfeld. 

The  Project  Manager  for  the  Columbus  Aircraft  Division  was  Mr.  0.  G.  Acker. 
The  program  was  conducted  by  the  Advanced  Structures  Group  of  the  Research 
and  Engineering  Department  with  Mr.  K.  I.  Clayton  as  Principal  Investigator. 
Major  contributors  were  Messrs.  G.  Pollock  - Design,  R.  E.  Kester  - Analysis, 
G.  A.  Clark  - Material  and  Process  Spec  if ications,  and  R.  E.  Taylor  - Manu- 
facturing Engineering  (tooling  and  non-metallic  fabrication). 

Valuable  guidance  was  provided  by  Dr.  E.  J.  McQuillen  and  Dr.  S.  1,.  Huang 
of  the  Naval  Air  Development  Center. 
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INTKODIJ'  TION,  . .UMMAKY  , AND  ACCOMi’l  I SHMF.NT.'- 


I N I knpn  I loN 

Tin  objective  ol  the  program  was  to  design,  fabricate  and  test  a major 
eel  ion  ol  graph i te /epoxy  composite  wins  box  structure  in  order  to 
evaluate  the  feasibility  and  e f fee t i veness  of  graphite/epoxy  composite 
construction  for  application  to  the  X1V-12A  V/STOL  technology  prototype 
currently  be  ing  tie-signed  by  Columbus  Aircraft  Division  under  Contract 
N00019-  ’ l-C-OO1)  l.  Coals  of  the-  program  included  demonstration  of  sig- 
nificant we  ight  savings  through  the  use  of  composites;  development  of 
sound  structural  configurations  eonipatible  with  operational  aircraft 
requirement  ; do ve-  lopme-nt  of  tooling  and  fabrication  techniques  for 
efficient  production  of  primary  composite  components  and  assemblies; 
and  demon  s t ra  t iejn  of  inspection  techniques  to  insure  quality  confor- 
mance e>f  bonded  graphi te  /epoxy  composite  assemblie  s.  1 he  progr.r  is 
to  culminate  in  static  strength  tests  of  a major  section  of  the  wing 
box  to  be  conducted  at  the  Nava!  Air  Development  Center  structural 
test  facility. 


basic  design  ground  rules  of  the  program  included  the  requirement  for 
physical  compatibility  with  the  XKV-12A  prototype  aircraft  including 
the-  capability  to  mount  the  composite  wing  on  the  existing  wing  to 
fuselage  attachment  f itt ings, provide  for  wing  tip  attachment  of  the 
existing  vertical  tail  and  main  landing  gear  pod,  and  provisions  for 
interface  with  existing  fuel  system  and  control  system  components. 

I he  wing  box  was  to  he-  designed  for  the  same  critical  loading  con- 
eiitions  as  the  XFV-12A  and  was  to  have  sufficient  stiffness  to  meet 
flutter  requirements  for  the  existing  XKV-12A  flight  envelope. 


I he  program  was  organized  in  eight  task  are  as: 

a Task  1 - Design  Criteria  and  Loads.  This  task  included 
eh  finition  of  the-  physical  interface  requirements  of  the- 
XIV-I2A  aircraft,  definition  of  critical  design  load 
conditions  and  stiffness  requirements,  anel  establishment 
<>l  design  stress  limits  for  the  selected  graphite/epoxy 
I am i na t c s . 


a lask  2 - Design  Concepts.  This  task  included  design 
studie  and  layout  of  three  different  concepts  of  wing 
beix  construction;  the-  selection  of  a lejw  risk  construc- 
tiem  concept  compatible  with  state  of  the  art  manu- 
facturing technology  and  in-service  inspection  require- 
ments; detail  design  of  a composite  wing  cente-r  section  test 
specimen;  and  evaluation  e>f  anticipated  we-ight  savings. 
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o Task  3 - Material  Selection  and  Specifications.  This  task 
included  selection  of  graphite/epoxy  prepreg  tapes,  film 
adhesives,  glass/epoxy  prepreg  fabric,  honeycomb  cere, 
potting  compounds  and  preparation  of  material  specifications. 

o Task  4 - Structural  Analysis'.  Tasks  performed  in  this  area 
included  finite  element  computer  analysis  of  the  wing  box 
structure;  El  and  <1J  stiffness  calculation,  development  of 
efficient  joint  configuration,  sandwich  panel  buckling 
analysis;  detail  joint  and  fitting  analysis;  and  flutter 
speed  evaluation. 

o Task  5 - Design  Development  and  Verif ication.  This  task 
consisted  of  coupon  and  element  tests  conducted  to  verify 
design  allowables,  develop  detail  joint  configurations 
and  evaluate  effects  of  process  variations  on  laminate 
strength.  These  tests  included  basic  laminate  strength; 

^ joint  configuration  development;  sandwich  flatwise  ten- 
sion and  edgewise  compression  tests;  spar  joint  tests; 
evaluation  of  precured  and  cocured  laminate  strengths;  and 
fastener  installation  tests  in  sandwich  spar  assemblies. 

o Task  6 - Tooling  and  Fabrication.  All  work  associated 

with  fabrication  and  assembly  of  the  wing  box1  test  section 
and  test  fixtures  was  performed  in  this  task  and  included 
development  of  tooling  and  assembly  concepts;  fabrication 
of  master  patterns,  layup  tools  and  assembly  fixtures; 
layup  and  cure  of  graphite/epoxy  laminates;  fit  up  and 
secondary  bonding  of  honeycomb  sandwich  assemblies;  ma- 
chining of  metal  components;  indexing  and  drilling  of 
cover  skins  and  sub  structure;  and  installation  of  fas- 
teners . 

o Task  7 - Quality  Conformance.  Tasks  in  this  area  were 
performed  to  insure  quality  control  of  all  aspects  of 
the  composite  wing  box  assembly  from  raw  material  pro- 
curement through  final  assembly.  These  tasks  included 
incoming  material  certification;  process  specification 
and  verification;  coupon  tests;  honeycomb  core  prefit 
verification;  ND1  standards  fabrication  and  ultrasonic 
through  transmission  "C"  scan  inspection  of  laminates 
and  sandwich  assemblies;  and  material  review  disposition 
of  any  defects. 
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1 ask  8 - Structural  Demonstration.  This  task  is  to  cl<  mons  t ra  ti- 
the static  strength  capability  ol  tin  composite  wing  box  test 
section  anti  is  to  be  performed  by  Navy  personnel  at  the  Naval 
Air  Development  Center  structural  test  facility.  Strain  gage 
instrumentation  is  to  be  installed  and  test  loads  representa- 
tive of  the  critical  landing  and  flight  Load  conditions  are  to 
bt  applied.  Strain  gage  data  is  to  be  compared  with  stress 
distribution  predicted  by  analysis  and  an  assessment  of  the 
box  strength  capability  will  be  made.  This  testing  and  evalua- 
tion will  conclude  the  present  program  and  further  testing  of 
the  box  will  be  the  subject  of  future  developments. 

11k  complt  ted  wing  box  test  section  shown  in  figures  1 and  2 was  shipped  to 
the  NAIX;  structural  test  facility  on  27  August  1976.  Testing  of  the  wing 
box  lias  been  delayed  due  to  higher  priority  work  in  the  test  laboratory 
and  it  is  anticipated  that  testing  will  begin  early  in  1977.  An  addendum 
will  be  made  to  this  interim  final  report  to  document  results  of  th<  se 
t ( sts. 

HMMAKY 


A composite  wing  box  test  section  was  designed  and  fabricated  to  meet 
the  structural  and  functional  requirements  of  the  X1V-12A  V/STOL  aircraft, 
lilt  si  lected  configuration  utilizes  graphite/epoxy  fact  sheet  Laminates 
and  glass/phenolic  honeycomb  core  sandwich  construction  in  the  cover 
kins,  front  spar,  and  intermediate  spars.  Solid  laminate  graphite/epoxy 
construction  is  used  in  the  B.P.  33.93  kick  load  rib  at  the  side  of  the 
fuselage  and  aluminum  was  selected  for  use  in  the  / splice  rib,  rtar 
par  and  for  local  back-up  of  the  aft  wing  to  fuselage  attachment  fitting. 

A combination  of  bolted  and  bonded  joints  is  used  in  the  assembly  of  the 
cover  skins  to  the  sub  structure,  bonded  joints  being  utilized  on  the 
five  r cover  skin  to  spar  attachments  and  bolted  joint  being  used  on  the 
upp<  r cover  skin  to  spar  attachments,  ^ splice  joint,  aluminum  rear  spar 
and  e ce v<  r skin  to  rib  attachment.  Conventional  f uc  1 seal  groove  pro- 
visions are  included  in  the-  upper  cover  to  sub  structure  interface  and 
the  bolted  attachment  allows  removal  of  the'  upper  cover  for  inspection 
ej  i repair.  The-  bejnele  el  attachment  of  lower  cover  skins  to  spars  minimizes 
the  number  of  fastener  holes  in  the  tension  skin  thereby  minimizing 
■tress  concentration  locations  in  the  lower  cover  skins.  Rear  spar 
lastener  holes  are  subjected  to  a combination  of  high  skin  stresses  and 
high  bearing  tresses,  resulting  in  high  stress  concentrations  which 
would  unduly  limit  skin  stress  levels.  The’  area  over  the  rear  spar 
wa  the  re-lore  "sol  te  iie  el"  by  replacing  all  spanwise  (0°)  plies  with 
td5°  plies  anel  sandwiching  a glass/epoxy  strip  between  the  facing 
laminates.  Class  strips  were-  used  in  all  bolted  skin  to  spar  joints 
anel  .oliel  graphite/epoxy  tape  re  el  laminates  replaced  the-  honeycomb  core 
In  all  heilteel  skin  to  rib  and  </  splice  joints.  Bonding  of  lower  cover 
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.skins  to  the  front  spar  and  intermediate  spars  utilized  the  "captured 
fillet"  principal  for  high  flatwise  tensile  strength  and  element  tests 
confirmed  the  load  carrying  capability  of  the  selected  joint  configura- 
tion . 

The  sharp  sweepback  angle  change  of  the  rear  spar  at  the  centerline, 
necessitates  a concentration  of  axial  load  material  at  the  aft  edge 

of  the  skin  to  control  skin  stresses  at  the  edge.  The  large  concen-  » 

trated  load  that  results  is  difficult  to  splice  and  a graphite  splice 
would  have  entailed  considerable  risk.  Aluminum  was  therefore  selected. 

Similarly,  aluminum  was  selected  for  the  wing  centerline  rib  to  accommodate 
tapped  inserts  for  the  outer  splice  plate  "kick-load"  fasteners  and  to 
more  efficiently  incorporate  an  integral  fwd  wing- fuse lage  attach  fitting. 

Back-up  of  the  aft  wing-fuselage  attach  fitting  also  was  accomplished  more 
efficiently  and  with  less  risk  using  aluminum  alloy.  Aluminum  shear  clips 
were  used  at  the  ends  of  spar  webs  and  caps,  with  aluminum  thickness  se- 
lected to  make  fasteners  bearing  critical  in  aluminum,  thus  controlling 
fastener  loads.  Aluminum  spar  cap  end  clips  with  5 to  6 fasteners  attach- 
ments were  used  to  provide  cap  continuity  at  rib  intersections.  Glass/ 
phenolic  "Fibertrus"  core  was  utilized  to  give  high  shear  strength  and 
stiffness  in  the  honeycomb  sandwich  panels.  Glass  core  was  selected  in 
preference  to  aluminum  to  eliminate  the  concern  over  corrosion  potential 
between  aluminum  and  graphite. 

Fabrication,  assembly,  and  inspection  of  the  composite  wing  box  test  section 
was  accomplished  at  the  Columbus  Aircraft  Division  facility  utilizing  per- 
sonnel and  equipment  normally  engaged  in  the  production  of  conventional 
reinforced  plastic  components  and  bonded  structural  assemblies.  Layout 
and  trim  of  all  graphite/epoxy  laminates  was  performed  by  hand  utilizing 
a single  master  mylar  template  for  ply  trim.  Successive  plies  were  laid 
"black  on  black"  to  the  specified  orientation  and  ply  pattern.  Complex 
thirty-seven  ply  cover  skin  laminates  were  successfully  assembled  and 
autoclave  cured  in  this  manner  without  intermediate  debulking  steps. 

Rolled  steel  plate  with  back  up  framework  was  utilized  as  the  layup 
and  cure  tool  for  the  upper  cover  skins.  Glass  reinforced  plastic 
tooling  was  utilized  for  the  double  contoured  lower  cover  skin  and 
curved  one-piece  front  spar.  Flat  aluminum  plate  was  utilized  for  the 
intermediate  spar  laminate  layup,  cure,  and  secondary  honeycomb  face 
sheet  bonding.  Machined  Kirksite  plates  were  utilized  for  the  layup, 
cure,  and  secondary  bonding  of  the  B.P.  33.93  rib  assembly.  Secondary 
bonding  of  the  front  spar  and  intermediate  spar  caps  to  the  lower  cover 
skin  was  accomplished  in  the  lower  cover  skin  layup  tool.  A large  drill 
cage  fixture  was  constructed  for  indexing  and  drilling  fastener  holes  for 
final  assembly  of  the  cover  skins  to  substructure.  Carbide  drill  bits 
and  reamers  were  used  with  automatic  feed  drill  motors  to  machine  close 
tolerance  fastener  holes  in  the  cover  skins  and  substructure. 
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Principal  quality  conformance  techniques  utilized  throughout  the  program 
consisted  ol  incoming  material  certification,  process  monitoring,  visual 
inspection,  honeycomb  prefit  mark  off  records,  and  1007=  inspection  of  all 
bonded  assemblies  by  0-scan  ultrasonic  through  transmission. 
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the  most  significant  accomplishment  of  the  program  is  the  demonstration 
of  a substantial  weight  saving  in  a primary  aircraft  structural  assembly 
through  the  use  of  graphite/epoxy  composite  material.  A weight  reduction 
of  194  pounds  or  approximately  197=  is  projected  for  a complete  XFV-12A 
composite  wing  box  whe>n  compared  with  an  all  metal  design  weighing  1037 
pounels.  This  weight  reduction  estimate  is  based  upon  actual  weight  of 
fhe  composite  wing  box  test  section  extrapolated  to  the  full  span  of 
the  XKV-12A  wing  box.  It  should  be  noted  that  principal  stress  levels 
in  the  composite  wing  box  cover  skin  have  been  conservatively  limited 
to  a maximum  of  approximately  35,000  psi  ultimate  in  this  design  and 
could  probably  he  safely  extended  to  50,000  psi.  The>  degree  of  con- 
servatism in  the  design  will  be  assessed  after  completion  of  static 
testing. 


Other  significant  accomplishments  of  the  program  include: 

o Demonstration  of  capability  to  fabricate  complex  double  curved 
airfoil  surfaces  and  wing  spars  with  graph i te /epoxy  sandwich 
construction.  Kxamples  being  the  severely  contoured  wing  lower 
cover  skin  inboard  of  B. P.33. 93  rib  and  the  one-piece  front  spar 
with  severe  sweep  angle  change  at  B. P.33.93. 

o Development  of  a centerline  splice  joint  configuration  that 

transmits  at  least  947.  of  the  full  cover  laminate  load  carrying 
capability.  Cover  skin  material  can  therefore  be  efficiently 
utilized  and  is  not  limited  by  joint  strength. 

o Development  of  a bolted  cover  design  which  allows  removal  of 
cover  for  inspection  or  repair,  incorporates  joint  "softening" 
provisions  for  reduction  of  stress  concentration,  and  includes 
integral  fuel  tank  sealing  provisions. 

o Investigated  alternate  design  concepts  which  have  potential  for 
manufacturing  cost  saving  and  increased  survivability  capability 
in  future  aircraft.  Examples  being  the  filament  wound  spar  con- 
cepts of  configuration  "C"  and  the  full-depth  sculptured  Trussgrid 
core  configuration  with  integral  graphite/epoxy  cover  skins. 
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SECTION  2.0 


DESIGN  CRITERIA  AND  TOADS 


2.1  BASELINE  DESCRIPTION 

The  Baseline  vehicle  specified  for  evaluation  of  composite  materials 
application  on  this  program  is  the  prototype  version  of  the  XFV-12A 
V/STOL  aircraft  currently  being  developed  by  the  Columbus  Aircraft 
Division  of  Rockwell  International  under  Navy  Contract  N00019-73-C-0053. 

Figure  3 illustrates  the  basic  structural  arrangement  of  the  airplane 
and  indicates  the  portion  of  primary  wing  box  structure  selected  for 
restructuring  in  graphite/epoxy  composite  materials  as  described  in  this 
report.  The  prototype  airplane  is  a research  vehicle  designed  to  demon- 
strat*  the  thrust  augmented  wing  concept  for  vertical  take-off  and  landing 
capability  with  forward  flight  speed  capability  in  excess  of  Mach  2.0. 

The  current  prototype  vehicle  utilizes  aluminum  alloy  construction  in 
tin  primary  airframe  components  and  titanium  alloy  in  the  hot  gas  ducts 
and  augmenter  surfaces  of  the  wing  and  canard.  Main  landing  gears  and 
vertical  tail  surfaces  are  mounted  to  wing  tip  structure  which  attaches  to 
the  wing  box  at  the  existing  fold  rib. 

Ihe  wing  structure  selected  for  evaluation  of  composite  materials  appli- 
cation is  the  primary  torque  box  which  includes  that  portion  of  the  wing 
located  between  the  front  and  rear  spar  and  extending  from  the  centerline 
of  the  airplane  to  the  wing  tip  pod  attachment.  This  portion  of  the 
wing  forms  a full  span  integral  fuel  cell  and  contains  the  wing  to  fuse- 
lag'  attachments.  A three-point  attachment  is  used  for  mounting  the 
wing  box  to  the  fuselage,  with  a single  front  spar  attachment  located 
at  th<  ccnterlint  of  the  airplane  and  a rear  spar  attachment  at  each 
side  of  the  fuselage.  The  wing  is  positioned  on  the  top  of  the  fuselage 
with  a constant  10®  anhedral  angle  extending  from  the  centerline  outboard. 
A .harp  break  in  th<  lower  wing  surface  contour  exists  inboard  of  the 
side  ot  tin  fuselage  at  B. I*.  33.93  due  to  wing  clearance  requirements 
above  the  engine.  The  rear  spar  plane  extends  outboard  from  the  center- 
line at  a constant  sweep  angle  of  28.33°  while  the  front  spar  extends 
I rot'i  the  centerline  to  B. P.  33.93  at  an  angle  of  10.26°  and  from  B. P.33.93 
outboard  at  a sweep  angle  of  38.89°.  Maximum  chord  height  of  the  wing 
mold  lint  Is  7.28  inches  at  the  centerline  rib,  12.40  inches  at  the 
B. I’. 33.93  rib  and  4.80  inches  at  wing  tip  attachment  rib.  This  basic 
wing  box  configuration  is  illustrated  in  Figures  4 and  B-5. 
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FIGURE  9 


I'.'isc  I ini1  physical  interlace  ground  rules  specified  that  the  existing 
XFV-12A  external  mold  lines  he  preserved  in  the  composite  wins  box  design 
and  t ha t the  wing  supports  he  capable  of  attachment  to  the  existing 
XFV-12A  fuselage  wing  mount  fittings.  Provisions  were  also  to  be- 
included  for  interfacing  with  the  XFV-12A  wing  tip  pod  and  the  XFV-12A 
fuel  system  anei  ce>nt.rol  system  installations. 

Flevated  temperature  effects  wets  not  considered  to  be  a significant 
<h  sign  influence-  in  the  XFV-12A  wing  torque  box.  The  hot  augmente-r 
surface  s located  aft  of  the  rear  spar  are  separated  from  the  wing  box 
structure  by  a cove  fairing  and  wing  box  structural  temperatures  in 
this  an-. i are  expected  to  be  less  than  200°F  during  "V"  landing  and  take-off 
operational  periods.  The  front  spar  is  located  sufficiently  aft  of  the 
leading  edge  to  limit  wing  box  temperatures  to  less  than  200°F  for  aero- 
dynamic heating  effects  at  flight  velocities  up  to  Mach  2.0.  The  engine 
bay  area  beneath  the  wing  lower  surface  is  ventilated  and  wing  structural 
te-mpe  rature  s in  this  area  are  also  expected  to  be*  less  than  200°F.  A 
lr)f)°i  curing  pre-prog  and  adhesive*  system  was  selected  for  fabrication  of 
the  composite  wing  box  and  it  is  considered  that  these  materials  will 
provide-  ade  quate  strength  and  stiffness  throughout  the-  range  of  tempera- 
tures to  he  experienced  in  the  wing  box  structure.  Laminate  stress 
leve  ls  have  been  conservatively  limited  in  the-  design  of  the  wing  box 
te  st  section  as  noted  in  Para.  2.4  to  provide  a margin  of  safety  against 
potential  strength  degradation  effects  of  moisture  and  thermal  cycling. 

2.2  DF.SICN  LOAD  CONDITIONS 

Iwo  design  load  conditions  were  determined  to  he  critical  for  the 
composite  wing  and  are  defined  as  follows: 

(J  ) MAX  VI-  K I I < . A I I AND  I NO  CONDITION 

handing  Design  We  ight  = 16,500  l.h. 

-ink  Speed,  V = 14.4  f p s 

Vc  rt  ical  l.oael  F actor, N = 2.95  g 

w 4.0  De-g,  0 I .8  De-g. 

• • 2 

0 -1.118  rael /sec 

N - -0. I 8 g 
0 14.179  rad/sec" 

tF  . 12a  rael/ seee 
0 = - . 1 17  rad/sec 
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SYMMF.TK  I < . A1  I’lll.l.-Ur  FLIGHT  CONDITION 

Flight  Design  Weight  = 17,500  Lb. 

M = 0.9o,  o<4  = 3.5°  (angle  of  attack) 

N = 6.5  g,  h = Sea  Level 

The  landing  load  condition  produces  the  maximum  operational  landing  gear 
loads  on  the  aircraft  which  are  considered  as  "ultimate"  loads  in  the 
structural  analysis.  The  flight  load  condition  listed  above  is  a maximum 
"limit"  load  condition.  Ultimate  shear,  bending  and  torque  loads  in  the 
wing  box  for  these  two  load  conditions  are  shown  in  Figures  5,  6,  and  7. 
from  these  curves  it  may  be  seen  that  the  wing  tip  mounting  of  the  landing 
gear  results  in  generally  higher  loads  throughout  the  wing  box  due  to  max 
sink  speed  landings  than  the  maximum  symmetrical  pull-up  flight  condition. 
A NAS THAN  structural  model  was  developed  for  the  composite  wing  box  as  de- 
fined in  Para.  5.1  and  distributed  grid  node  point  loads  were  defined  for 
these  two  critical  loading  conditions.  The  NASTRAN  analysis  shows  that 
the  landing  condition  produces  the  critical  stresses  and  joint  loads 
throughout  the  wing  box  structure. 

The  applied  shear,  moment,  and  torque  curves  presented  in  this  section  are 
for  the  total  wing  for  comparison  only.  For  actual  applied  test  loads  to 
the  wing  box  test  section  refer  to  Section  9.0. 

7.1  ST IFFNKSS  KKQU IRF.MENTS 

Stiffness  requirements  for  the  composite  wing  were  based  on  the  require- 
ments for  the  production  FV-12A  wing  although  physical  compatibility  was 
maintained  with  the  prototype  XFV-12A.  The  FV-12A  requirements  are  shown 
in  Figure  8 in  addition  to  the  existing  bending  and  torsional  stiffness 
inherent  in  the  prototype  XFV-12A  wing.  The  higher  values  shown  in  Figure  8 
lor  the-  prototype  wing  arc-  not  significant  and  do  not  represent  a design 
c rite  r ion.  This  is  due  to  the  use  of  an  F-4  wing  box  on  the  metal  proto- 
type airplane  where  this  wing  box  had  inherent  stiffness  and  strength  above 
that  required  tor  the  XFV-12A  prototype.  The  design  requirements  are  rep- 
resented by  the  lower  curves  of  Figure  8 for  the  FV-12A.  However,  the 
primary  effect  of  wing  bending  and  torsional  stiffness  is  on  the  flutter 
• peed  whe re  this  is  discussed  in  Section  5.5. 

A comparison  of  bending  and  torsional  stiffness  distributions  for  the 
prototype  XFV-12A  wing  and  the-  composite  wing  is  shown  in  Figure  8 
in  addition  to  the  bending  and  torsional  stiftness  requirements  for  the 
IV  I2A  production  wing.  The  composite  wing  bending  and  torsional  stiff- 
en • exceeds  these  requirements  except  lejr  F.I  in  the  outboard  region. 

Ilowi  vi  i , torsional  stiffness  (C,J)  is  critical  in  this  area  and  exceeds 
the  re  <|ii  i red  torsional  stiffness. 
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FIGURE  6 CRITICAL  CONDITION  DESIGN  BENDING  MOMENT  CURVES 


FIGURE  7 CRITICAI  CONDITION  DESIGN  TORQUE  CURVES 
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FIGURE  8 WING  BENDING  AND  T0RSI0NA1  STIFFNESS  REQUIREMENTS  AND  COMPOSITE 

WING  STIFFNESS 


ACLOWABI.K  STRESSES 


• 4 


Allowable  stresses  for  the  graphite/epoxy  laminate  were  based  on  properties 
obtained  from  the  "Advanced  Composite  Design  Cuide,”  Volume-  1 xcept  in 
specific  cases  where  test  data  from  the  design  development  tests  of  Section 
6.0  were  used  to  verify  design  stresses  or  loads.  The  primary  areas  which 
used  test  data  to  verify  design  values  included  the  centerline  splice  joint 
which  was  mechanically  fastened,  flatwise  tension  data  obtained  to  simulate 
pressure  loading  on  the  sandwich  panel,  and  the  shear  strength  of  bonded 
and  mechanically  fastened  joints  between  the  upper  and  lower  intermediate 
spar  caps  and  the  cover  panels.  Sandwich  panel  buckling  allowables  were 
determined  by  the  methods  described  in  Volume  II  of  the  "Advanced  Composites 
Design  Cuide"  for  bi-axially  loaded  panels  utilizing  the  basic  panel  buckling 
equat i on : 
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flu  buckling  constant  K was  determined  and  detailed  sizing  calculations 

x 

wert  performed  by  means  of  the  AC-5  computer  program  for  crossplied  fila- 
mentary laminates  sandwich  buckling. 

In  general  the  laminate  design  stress  levels  were  maintained  comfortably 
below  the  allowable  stresses  throughout  the  wing  box  to  insure  success 
in  demonstrating  the  static  strength  capability  of  the  wing  box  test 
spot  imen  and  to  provide1  a margin  of  safety  against  potential  environmental 
elegr.idat  ion  effects  of  moisture  absorption  and  thermal  cycling.  Stress 
levels  in  the  cover  skin  laminates  were  reduced  from  an  initial  maximum 
principal  stress  value-  of  approximately  50,000  psi  to  approximately  35,000 
psi  in  the  final  configuration  sizing.  This  stress  reduction  was  achieved 
primarily  by  beef-up  of  the  aluminum  rear  spar  caps  and  thus  a convenient 
method  is  provided  for  future  evaluation  of  higher  stress  levels  in  the 
cover  skins  by  installation  o f a redesigned  lightweight  rear  spar.  Strain 
gage  monitoring  of  critical  stress  areas  of  the  wing  box  during  static  load 
test  will  determine  the  degree  of  conservatism  in  the  design. 


lor  design  and  analysis  purposes  of  the  basic  cover  panel  areas  defined 
in  Figure  9 the  basic  laminate  strength  values  of  each  area  were  defined 
by  cross-plied  laminate  curves  in  the  Advanced  Composites  Design  Guide. 
Stacking  sequences  for  the  critical  areas  are  shown  in  Figures  10  through  14. 
Fssent ial ly,  six  sits  of  [+45]  plies  were  used  to  obtain  the  required  tor- 
sional stiffness  (OJ)  and  augmented  by  [o]  plies  to  obtain  the  required 
spanwlse  axial  load  capability  for  the  skins.  The  addition  of  [0]  plies 
varies  in  the  critical  areas  according  to  the  stacking  sequences  shown 
in  Figures  10  through  14  where  higher  concentrations  of  ^0]  plies  are 
included  in  the  aft  inboard  areas  of  the  skins  in  the  area  of  high  spanwise 
axial  loads.  The  outboard  portion  of  the  wing  includes  higher  concentrations 
of  [+45]  plies  for  increased  torsional  stiffness.  Basic  material  allowables 
for  the  critical  inboard  laminate  areas  are  shown  in  Table  1 as  determined 
from  the  Advanced  Composites  Design  Guide. 
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SECTION  3.0 


DESIGN  CONCEPTS 


I hr  co  basic  design  concepts  for  construction  of  the  composite  wing  box 
were  considered  during  this  program.  The  first  of  these  was  a fully 
bonded  3-cel)  sandwich  construction  in  which  three  spar  "boxes"  were 
laid  up  and  cured  on  wash  out  mandrel  tooling,  secondarily  bonded  to- 
gether and  covered  with  outer  graph i te /epoxy  face  skin  laminates.  The 
second  concept  was  a fully  bonded  construction  utilizing  full-depth 
Trussgrid  honeycomb  core  covered  with  a wrap-around  graphite/epoxy  skin. 

I he  third  concept  shown  in  Figure  11  is  a 3-cell  sandwich  construction 
which  tilizes  individual  cover  skin  panels,  spars  and  ribs  assembled 
with  a c -bination  of  bonded  joints  and  mechanical  fasteners.  The  third 
concept  was  selected  for  design  of  the  wing  box  test  section  because  the 
mechanically  fastened  upper  cover  skin  offered  the  capability  for  in- 
spection of  all  bonded  joints  and  surfaces  at  all  stages  of  the  fabri- 
cation and  assembly  and  can  be  disassembled  for  field  inspection  and/or 
repair.  Concept  1 and  2 offer  the  potential  for  increased  weight  saving 
and/or  cost  saving  over  concept  1,  however,  concept  3 offered  a lower 
risk  approach  and  would  be  more  readily  accepted  in  near  term  aircraft 
programs.  Section  3.1  presents  a description  of  the  selected  design 
configuration  and  Section  3.2  lists  the  salient  features  of  the  alternate 
design  concepts.  Detail  drawings  of  the  wing  box  test  section  art  pre- 
s< nted  in  Appendix  B. 

1.1  SELECTED  CONFIGURATION 

3.1.1  Cove r Skins 

lh<  upper  and  lower  cover  skins  are  similar  in  construction  and  consist 
ol  1/8  cell,  1.5  Lb/Ft. ^ glass/phenolic  "Fibertruss"  honeycomb  con 
faced  with  graphite/epoxy  laminates.  Glass/phenolic  core  was  selected 
in  pr<  ferenci  to  aluminum  honeycomb  core  to  eliminate  the  concern  over 
a corrosion  potential  between  the  aluminum  core  and  tin  graphite/epoxy 
face  sheet  laminates.  "Fibertruss"  core  material  was  selected  in  pref- 
< rence  to  conventional  glass/phenolic  core  because  of  its  superior  shear 
modulus  which  provides  increased  sandwich  panel  buckling  stability. 
Constant  core  height  was  used  in  each  cover  skin  assembly  for  manufac- 
turing simplicity  with  the  lower  cover  core  height  being  0.220  inches 
and  the  upper  cover  con  height  being  0.A18  inches.  Core  height  for 
these  panels  was  determined  by  sizing  for  panel  compression  buckling 
stability  and  internal  fuel  pressure  loads.  It  should  be  noted  that 
the  honeycomb  cort1  is  replaced  at  all  bolted  ribs  and  spar  interfaces 
with  lither  graph  i t t>/epoxy  or  glass/epoxy  solid  laminate  material. 
Chordwi.se  rib  interfaces  use  tapered  graphite  laminate  build  up  with 
mating  tapered  core  interface  and  spanwise  spar  interfaces  use  rec- 
tangular glass/epoxy  inserts  for  joint  "softening". 
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Face  shift  laminates  arc  essentially  identical  for  the  upper  and  lower 
cover  skins,  with  the  exception  of  mold  line  contour,  with  each  inner 
and  outer  fact  sheet  containing  a maximum  of  thirty-seven  plies  of 
0.0055  inch  thick  graphite/epoxy  tape.  Each  of  the  inner  and  outer 
late  sheet  laminates  is  built  up  from  a basic  arrangement  of  six  sets 
of  445°  plies  which  satisfy  the  basic  GJ  torsional  stiffness  require- 
ments and  art  augmented  for  axial  load  carrying  capability  by  three  0° 
plies  in  areas  K,  N;  four  0°  plies  in  area  0;  five  0°  plies  in  areas 
1',  1 ; and  six  0°  in  area  M of  the  wing  test  box  as  shown  in  Figure  9. 
Additional  +45°  plies  were  added  in  the  wing  box  analysis  outboard  of 
rear  spar  station  79.54  to  provide  increased  GJ  stiffness  in  the  outer 
portions  of  the  wing  cover  skins. 

I he  ply  stacking  order  for  these  cover  skin  laminates  is  shown  in 
figures  10  through  14  and  is  arranged  to  produce  a completely  balanced 
laminate  with  +45°  outer  plies  and  0°  plies  between  each  set  of  +45°  plie 
adding  up  to  a total  thickness  of  18  plies  (0.099  inch)  in  area  M.  The 
0°  plies  wore  omitted  in  the  area  of  the  rear  spar  attachment  screws 
and  replaced  with  +45  plies  to  reduce  stress  concentrations  at  the  bolt 
interface.  At  the  centerline  splice  joint,  additional  plies  of  0°, 

+45  and  90°  are  interleaved  to  produce  a tapered  laminate  build  up  to 
V’  plies  at  the  bolted  rib  interface  as  shown  in  Figure  9.  This  tapered 
ply  build  up  is  designed  to  reduce  the  net  laminate  stress  at  the  bolt 
holes,  reduce  the  stress  concentration  factor  at  the  bolt  hole  and  pro- 
vide a smooth  load  transition  through  0.19  inch  ply  steps  between  the 
bolted  joint  area  ard  the  basic  skin  laminate.  Test  development  of 
this  joint  is  discussed  in  Section  6.0.  This  same  37  ply  bolted  joint 
laminate  build  up  is  utilized  at  the  B.P.  33.93  rib  attachment  and  the 
rear  spar  station  79.54  test  load  joint. 

Twelve  inch  wide  graphite/epoxy  prepreg  tape  was  used  for  the  construc- 
tion ol  thesi  sandwich  cover  skin  laminates  and  each  face  skin  was  cured 
separately  and  secondarily  bonded  to  the  core  to  form  a honeycomb  sand- 
wich panel  assembly  as  described  in  Section  7.0.  The  total  sandwich 
thickness  of  the  lower  skin  is  0.408  inch  (74  plies)  at  the  rib  joints 
and  varies  b<  tween  0.  191  inch  and  0.424  inch  in  areas  depending  on 
laminate  thickness  15  ply,  (0825)  inch  to  18  ply  (.0940  inch)  with 
constant  cejre  height  of  0.226  inch.  The  sandwich  thickness  of  the 
upper  skin  is  0.601  inch  (74  plies  + 0.193  inch  glass/epoxy  insert)  at 
the-  rit)  jejint  and  varies  between  0.583  and  0.616  in  various  areas  of 
l lie-  panel.  in  the  design  of  the  tooling  for  these  panels  the  mold  line 
u rtaci  is  maintained  and  the  innt-r  sandwich  surtace  location  is  de-- 
penelent  e>n  the  build  up  of  laminate  and  core  thickness. 


C I ass/epoxy  Inserts  arc  included  in  th<’  upper  cover  skin  sandwich  pane) 
assembly  at  all  bolted  spar  joints  as  shown  in  Figure  lb.  At  the  front 
and  rear  spars  the  honeycomb  core  is  completely  replaced  with  the  glass 
inserts  to  provide  additional  bolt  bearing  area,  clamp-up  bearing  strength, 
"softening"  of  the  graph  1 te/epoxy  bolt  interface  and  sufficient  material 
for  countersinking' of  the  screws.  At  the  intermediate  upper  cover  spar 
joints  the  core  is  removed  to  a depth  of  0.10  inch  and  replaced  with  a 
glass/epoxy  insert  which  provides  sufficient  material  for  countersinking 
and  installation  of  0-ring  fuel  seals.  The  remaining  core  material  in 
this  area  is  filled  with  a lightweight  epoxy  potting  compound  to  provide 
sufficient  stability  for  fastener  clamp  up. 

Glass/epoxy  inserts  also  replace  the  core  in  the  upper  cover  skins  at 
all  bolted  rib  joints  between  the  37  ply  graphite/epoxy  skin  laminatr 
buildups  as  shown  in  Figure  16  to  provide  a solid  bolt  clamp  up  with 
good  interlaminar  shear  transfer  capability.  Glass/epoxy  inserts  re- 
place the  core  in  the  lower  cover  skin  sandwich  assembly  only  at  the 
bolted  rear  spar  attachment.  Bolts  are  used  in  the  lower  cover  skin 
attachment  to  the  center  line  splice  rib  and  B.P.  33.93  rib  with  the 
'7  ply  graphite/epoxy  buildup  of  the  inner  and  outer  facings  providing 
the  total  sandwich  thickness  (74  plies  = .408  inch).  Detail  drawings 
of  the  upper  and  lower  cover  skin  panels  are  presented  in  Figures  B-2 
and  B-3. 

3.  I .2  Front  Spar 

A.  noted  in  Section  2.0  the  front  spar  contains  a sharp  change  in  sweep 
angle  outboard  of  B.P.  33.93  rib  and  several  concepts  were  investigated 
lor  '.pi  icing  the  spar  at  this  joint  with  a separate  inboard  and  outboard 
spar  section.  All  of  these  concepts  proved  to  be  heavy  and  require  many 
separate  pieces  due  to  the  requirement  for  providing  fuel  sealing  pro- 
visions at  all  joints.  A one-piece  spar  extending  from  root  to  tip  was 
linally  selected  for  this  component  and  is  considered  to  be  a significant 
improvement  over  a two-piece  spar  design  from  the  standpoint  of  weight, 
cost,  arrd  fuel  sealing  reliability.  A 9.00  inch  radius  transition  section 
was  used  to  change  the  spar  sweep  angle  at  B.P.  33.93  and  it  proved  feasible 
to  lav  up  the  basic  spar  channel  section  to  this  relative  severe  contour 
change  utilizing  three  inch  wide  graphite/epoxy  tape  hand  worked  to  the 
mold  shape. 

I hi  par  design  consists  of  a glass/phenolic  honeycomb  core  faced  with 
*49°  graphite/epoxy  skin  laminates  and  +49°  spar  caps  as  shown  in  Figure 
I 7.  A constant  core  height  of  0.29  inch  is  used  with  ten  ply  +45  skin 
laminates  to  satisfy  the  G.l  stiffness  requirements  of  the  wing  box  while 
providing  sufficient  shear  buckling  strength  along  the  full  span  of  the 
spar.  The  lower  caps  of  the  spar  are  formed  as  an  aft  facing  angle  ex- 
tension of  the  spar  skins  combined  with  a forward  facing  secondarily 
bonded  ten  ply  +45°  laminate  angle  section.  This  double  flanged  cap 
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TYPICAl.  FRONT  SPAR  SECTION 


provides  a peel  resistant  joint  for  the  secondarily  bonded  attachment 
ol  the  spar  to  the  lower  cover  skin.  The  upper  spar  cap  is  similar  to 
the  lower  cap  hut  includes  an  additional  24  ply  +45°  graphi  to/epoxy 
strap  for  clattip-up  of  the  upper  cover  attachment  screws.  [he  additional 
thickness  in  the  uppe-r  cap  is  required  for  machining  of  an  .050  inch  x .184 
inch  fue  1 seal  groove  and  to  provide  sufficient  rigidity  to  maintain  c lamp- 
up  pressure  between  fasteners.  The  honeycomb  core  is  replaced  with  glass/ 
epoxy  laminates  at  each  end  of  the'  spar  and  at  B.l’.  31.93  rib  to  allow 
installation  e> f fuel  tight  rib  attachment  bolts  and  0-rings. 

1.1.  1 I n t ermeei ia te-  Spars 

Two  intermediate  spars  are  located  between  the  front  and  rear  spars.  I h* 
function  of  these  spars  is  to  carry  wing  box  shears,  react  internal  fue  1 
pressure  loads  and  stabilize  the  compression  cover  skins.  These  inter- 
mediate spars  are  spliced  at  the  B. P.  33.93  rib  and  attache  el  to  the  rib- 

at  each  end  with  aluminum  clips.  Const  rue tion  of  the  intermediate  pars 
is  similar  te>  the  front  spar  with  the1  exception  eif  tile  spar  caps  which 

ate  fabricated  as  separate  pieces  and  mechanically  fastened  to  the  spar 

web  as  shown  in  Figure  18.  The  concept  of  mechanically  attaching  the 
par  caps  to  the  web  was  selected  to  simplify  the  wing  bejx  final  assembly 
anel  allow  for  tolerance  build  up  between  the  inner  surfaces  of  the  sandwich 
cove- r skins. 

I he  le>wer  spar  caps  consist  of  a 0/+45/90  laminate  U-shaped  center  section  with 
0/+45/90  laminate  angle  sections  on  each  side  to  provide  a peel  resistant  double 
t lunged  joint  with  captured  fillet  when  secondarily  bonded  to  the  lower  cover 
kin.  Ihe  upper  spar  caps  consist  of  a single  U-shaped  laminate  built  up  o 1 
0°,  _<45,  90°  plies.  floating  nutplates  are  installed  within  this  cap  to 
male  with  the-  upper  cover  skin  attachment  screws.  Mechanical  attachment 
eit  the  upper  cap  to  the  spar  web  allows  pilot  hole  indexing  of  the  nutplate 
lrx.it  ions  with  the-  upper  cove  r fastener  holes  priejr  t o subsequent  installa- 
t ion  e>!  the  spar  web  and  cover  skin  fasteners.  Craphi te/epoxy  caps  are 
i>t  il  i/e  <1  in  the  spars  inboard  of  B.P.  33.9  3 anei  glass/epoxy  caps  are  use  d 
in  t In  less  highly  loaded  caps  outboard  of  B.P.  53.93.  A graph  i tc/e-poxy 
laminate  doubler  is  secondarily  bonded  to  the  upper  cover  skins  at  the 
inboard  i n t e rtt.e  el  ia  t e-  spar  cap  interface  and  additional  plies  are  added  to 
these  spar  caps  as  shown  in  Figure  18  to  provide  sufficient  bolt  hearing 
trength  required  feir  shear  transfer  in  these  highly  loaded  areas. 

par  w h constructiein  consists  of  glass/phenolic  honeycomb  core  with 
JK.50  g raph  i te/epoxy  laminate  facings.  Inboard  spar  web  c ej  r e thie  kness 
i 0.580  inch  with  eight-ply  facings  and  outboard  spar  web  core  thickness 
i . 0.0/5  ineh  with  four-ply  facings  sized  for  shear  buckling  strength. 

• ix  ply  +45°  g raph i te /epeixy  doubler  strips  are  located  at  the  uppe  r and 
lowe  r edge  s e>f  the  spar  w<  b for  reinforcement  of  the  spar  cap  fastener 
fx>)es  ariel  the  tort  is  filled  with  lightweight  epeixy  potting  compound  for 
lll-l.nk  fastener  e I amp  up  as  describee!  in  Section  0.0  Tapered  graphite/ 
i poxy  eloublers  are  located  at  e-ach  end  of  the  spar  web  with  core  potted 
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for  rib  attachment  fasteners.  Aluminum  clips  are  used  to  attach  the 
■par  webs  to  the  adjacent  ribs  with  tht  thickness  of  the  clips  sized 
to  yield  at  the  maximum  design  shear  allowable  of  the  spar  webs,  thus 
preventing  over  loading  of  the  intermediate  spars.  Intermediate  spar 
caps  are  also  spliced  with  aluminum  clips  at  each  rib  to  provide  cap 
axial  load  transfer  across  the  rib  joint. 

1.  1 .4  B.P.  1 ’..9  1 Kib 

I h<  rib  at  B.I’.  33.93  is  a primary  load  transfer  rib  with  the  following 

functions:  (1)  Reaction  of  kick  loads  resulting  from  a sharp  change  in 
lower  cover  skin  contour  at  B.P.  33.93,  (2)  Redistribution  of  front  spar, 
intermediate  spar,  rear  spar,  and  wing  to  fuselage  attachment  loads,  and 
( i)  Stabilization  of  compression  cover  skins.  Solid  graphite/epoxy  1 air: i - 
note  construction  was  selected  for  the  forward  portion  >f  this  rib  in 
combination  with  an  aluminum  machined  fitting  at  the  aft  end  of  the  rib 
which  picks  up  the  aft  wing  to  fuselage  attachment  fitting.  Aluminum 
was  selected  for  local  backup  and  attachment  of  the  wing/fuselage  fitting 
because  of  its  greater  ductility  at  concentrated  load  points  and  for  the 
convenience  of  machining  a one  piece  part  to  interface-  with  the  rear  spar, 

upper  cover  skin  and  lower  cover  skin  at  this  highly  loaded  joint. 

1 fie  composite  portion  of  this  rib  is  an  1-section  formed  f rom  two  back- 
to-baek  rhanne  I sections  with  upper  and  lower  cap  strips  as  shown  in 
f igure  I*).  The  upper  anel  lowe  r cerver  skins  are  both  bolted  to  this 
i i I)  because  of  the  high  per  ling  forces  produced  by  the  lower  cove  r skin 
kick  loaels.  The  rib  web  is  stabilized  by  four  sets  of  vertical  graphite/ 
i poxy  ancle  which  an  secondarily  bonded  to  each  side  erf  the  web.  Sej  lid 
graphite  laminate  s w<  re  >e  le-cted  in  preference  to  honeycomb  andwich  con- 
strue tion  for  this  rib  because  of  the  heavy  laminate  thickness  required  to 
transfe  r the  flange-  bee  I t kick  loads  to  the  rib  web. 

I tie  basic  channel  is  laid  up  and  cured  with  e le-ven  plies  ot  0 . 00  5 "•  inch 
thick  tape  in  a ( 40/0/90/0/90(+4  5 ) ‘s  tac  k ing  order.  The  channe  Is  are 

then  secondarily  bonded  together  and  fifteen  ply  cap  strips  of  j +45(+45)  / 

90/0/00/0/90 j laminate  are  added  to  complete  the  1 section. 

1 . 1 . r>  rente  r line  Sp  lice 

I he  wing  centerline-  joint  presents  a complex  aria  of  load  trinsfir  and 
redirection  due  to  the-  sharp  break  in  cove  r skin  anhedral  angle  at  tin 
cent*  rline  rib  and  abrupt  change  In  cover  skin  sweep  angle  as  shown  in 
f igure  4.  Several  different  approaches  were  considered  for  transferring 
cove  ring  skin  load-  in  this  area  including  reshaping  the  mold  line  surface 
to  eliminate  concentrated  kick  loads  at  the-  center  line  rib.  In  the-  al- 
ternate de  sign  conce  pts  discussed  in  Section  1.2  the  cover  skins  we  re  to 
be  continued  unbroken  across  the  ^ with  the-  mold  lines  reshaped  toprovide 
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a radius  curvature  of  both  the  anhedral  angle  and  rear  spar  swe  e p angle  . 

In  this  design  full  depth  Trussgrid  iioneycomh  cor<  was  used  to  r<  ac  t 
tin  distributed  tension  and  compression  "kick"  loads  acting  normal  to 
tin  covi r skin  and  spar  radii  surfaces.  This  design  provided  a light- 
weight coni igurat ion  because  the  composite  cover  skin  remained  unbroken 
in  this  highly  loaded  portion  of  the  structure  and  no  be  e f up  was  re  - 
quired  to  compensate  for  fastener  holes  in  a splice  joint,  however,  the 
all  bonded  construction  was  considered  a high  risk  ciesign  with  t fit  pr>  ent 
state-of-the-art  and  was  discarded  for  a more  conventional  bolted  splice 
joint  which  provides  capability  for  removal  and  inspection. 

The  se  lected  ^ splice  joint  design  is  shown  in  Figure  20  ami  con  id  o f 
a one-piece  machined  aluminum  rib  with  aluminum  cap  strips  which  provide 
a double  shear  bolted  attachment  to  the  upper  and  lower  cove  r kin  I a>  i - 
nates.  This  double  shear  joint  eliminates  bending  eccentricities  in  the 
cover  skin  laminates  and  kick  load  components  are  transfe  rred  to  the  rib 
web  through  a row  of  bolts  in  the  aluminum  cap  strips.  Design  and  ana  I y i 
ol  this  joint  is  identical  to  conventional  metallic  construction  with  the 
exception  of  the  graphite/epoxy  cover  skin  laminates  where  special  con- 
sideration was  given  to  prevention  of  local  failure  of  the  laminate  at 
the  bolt  holes  or  interlaminar  failure  in  the  transition  between  the 
bolts  anet  the1  basic  cover  skin  laminates.  As  noted  in  Paragraph  .1.1 
the  maximum  sandwich  cover  skin  laminate  thickness  is  18  plies  of  0°+45° 
tape  built  up  to  37  plies  (74  plies  for  inner  and  outer  faces)  of  0°, 

+45,  00°  at  the  bolted  rib  joints.  Subelement  development  tests  con- 
ducted on  this  j/  splice  joint,  as  described  in  Section  b.0,  demonstrated 
the  ability  to  transfer  at  least  947.  of  the  full  cover  skin  laminate 
load  carrying  capability  across  this  bolted  connection. 

Detail  drawings  of  the  centerline  splice  joint  and  test  fixture  are  pre- 
sented in  Figure  B- 1 , and  structural  analysis  of  this  joint  is  included 
in  Appendix  A.  A description  of  the  rear  spar  centerline  splice  and  joint 
analysis  are  presented  in  Section  5.0. 

1.1.6  Wing  to  Fuselage  Attachment 

As  no t eel  in  Section  2.0  the  XFV-12A  airplane1  utilizes  a three -point  wing 
to  fuselage  attachment  with  a single  front  spar  attachment  at  the  center- 
line'  of  the  airplane  and  a rear  spar  attachment  at  each  side  of  the  fuse- 
lage. The  front  spar  attachment  consists  of  a large1  hollow  pin  or  stud 
cant  i I e ve-red  fwd  from  the1  ^ wing  rib  which  mates  with  a self  aligning 
bearing  mounted  in  a fuselage  frame.  This  forward  attach  fitting  trans- 
mits vertical  and  side  loads  only.  The*  aft  wing  attachment  consists  of 
a lilting  bolted  to  the  rear  sp.ir  and  lower  cover  skin  at  B.P.  11.91,  as 
shown  in  Figure  21  anel  transmits  vertical,  drag,  and  a limited  amount  of 
side  load. 
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A machined  aluminum  fitting  and  aluminum  back-up  rib  were  selected  for 
use  in  this  aft  joint  to  pick  up  the  concentrated  wing  to  fuselage  loads 
and  transmit  these  loads  to  the  rear  spar  and  B.P.  33.93  rib  through 
bolted  fasteners.  A spherical  bearing  is  mounted  in  the  wing  to  fuselage 
attachment  fitting  directly  beneath  the  rear  spar  and  primary  vertical 
loads  are  transmitted  to  the  rear  spar  web  through  two  0.625  inch  diameter 
bolts  which  screw  into  barrel  nuts  mounted  in  machined  pockets  of  the 
aluminum  rear  spar.  brag  loads  are  transmitted  through  the  lower  cover 
skin  to  the  B.P.  33.95  rib  with  mechanical  attachments  and  vertical  couple 
loads  resulting  from  drag  load  transfer  are  reacted  at  the  forward  and 
aft  end  of  the  attachment  fitting.  All  of  these  fasteners  go  through 
the I * * * * *  74  ply  solid  graph i te /epoxy  laminate  of  the  lower  skin  and  the  for- 
ward couple  load  attachment  bolts  screw  into  threaded  inserts  which  are 
tapped  into  the  aluminum  back-up  fitting  which  forms  the  aft  end  of 
B.P.  13.93  rib.  This  integral  fastener  attachment  to  the  rib  web  and 
buildup  of  cover  skin  laminate  are  designed  to  prevent  deiamination  of 
the  cover  skins  due  to  local  joint  flexure  at  this  highly  loaded  attach- 
ment point.  0-ring  fuel  seal  grooves  are  machined  into  the  cover  skin 
laminate  at  all  rib  fastener  locations.  Detail  drawings  of  the  aft 
wing  to  fuselage  attachment  joint  are  presented  in  Figure  B- 1 and 
structural  analysis  of  this  attachment  are  included  in  Appendix  A. 

3.1.7  Weight  Comparison 

A weight  comparison  was  made  of  the  composite  main  wing  box  structure 
produced  in  this  program  and  a metal  wing  box  structure  design  developed 
in  a separate  study  program  by  the  Columbus  Aircraft  Division  for  a pro- 
due  i 1 on  version  of  the  prototype  XFV-12A  airplane.  The  existing  XFV-12A 
prototype  utilizes  a modified  F-4  wing  box  which  is  conservatively  heavier 
than  required  for  the  XFV-12A  load  and  stiffness  requirements  and  thus 
would  not  provide  a realistic  weight  comparison  of  composite  versus  metal 
const  rue  t ion. 

I In  appromh  used  here  for  comparison  purposes  is  to  use  the  actual  part 

weight  of  the  components  of  the  composite  wing  box  test  section  which 

extends  from  the  centerline  to  rear  spar  station  79.59,  add  the  calculated 

weight  of  extension  of  this  structure  to  the  wing  tip  attachment,  subtract 

tin  weight  of  test  fixture  provisions,  and  compare  with  the  estimated  weight 
of  an  equivalent  production  metal  wing  design.  The  results  of  this  com- 

parison are  presented  In  Table  2 and  show  a composite  wing  box  weight 

(tip  to  tip)  of  approximately  843  pounds,  or  a 19%  weight  saving  when 
compared  to  a production  FV-12A  metal  wing  box  weighing  1037  pounds. 
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TABLE  2 
WEIGHT  SUMMARY 

l,.H.  COMPOSITE  WING  CENTER  SECTION 

EROM  d TO  X,,DC  79.54 
•*-  WH5 


Componen  t 

Wing-to-Fus.  Attach  Kitting 
Rear  Spar 

Ewd . A Aft  Intermediate  Spar  Webs 

A Upper  Caps 

Rear  Spar  Splice  Pitting 

X 13.41  Ewd.  Rib 
w 

X 33.93  Aft  Rib 
w 

X 33.93  Rib  Splice 
w r 

Centerline  Rib 

Centerline  Splice  Plates 

Lower  Skin  Panel  with  Eront  Spar 

A Lower  Intmd.  Spar  Caps 

Insta 1 ted 

Upper  Skin  Panel  (Estimated  weight 
on  ly ) 

(lips  A Hardware  (Estimated  weight 
only) 


Outboard  Wing  Estimate  to  Tip 
Excluding  Tip  Rib 


Weight,  Pounds 


Ac  tua 1 
Part 

Test 

Provisions 

Flight 

Wing 

6.00 

6 . 00 

37.65 

37.65 

22.95 

_ 

22.95 

14.60 

5.62 

8.98 

6.10 

- 

6.10 

5.00 

. 

5.00 

- 

- 

1.7b 

144.20 

129.74 

14.46 

39.95 

25.16 

14.79 

100.15 

- 

1 00 . 1 5 

- 

- 

84.10 

- 

- 

13.70 

315.64 


106.00 


421.64 


Structural  Wing  Box  = 4,21.64  x 2 = 843.28  pounds 
Proposed  EV-I2A  Metal  Structural  Wing  Box  = 1037 
We  ight  Saving  = 194  lbs/ship  ( 197«) 


pounds 
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It  should  ho  notod  that  tho  stress  levels  in  this  design  have  been  con- 
servatively limited  to  approximately  15,000  psi  ultimate  and  additional 
weight  reduction  could  hr  achieved  by  reducing  the  aluminum  rear  spar 
cap  material  to  produce  higher  stress  levels  in  the  graphite/epoxy  cover 
skins.  It  should  also  be  noted  that  no  provisions  for  lightning  strike 
protection  of  the  composite  wing  box  test  section  were  included  in  this 
program  and  an  additional  small  weight  increment  would  be  required  de- 
pending on  the  type  of  protection  system  used  in  a production  aircraft 
design. 

1.2  ALTERNATE  RESIGNS 

In  addition  to  the  configuration  selected  for  fabrication  of  the  wing  box 
test  section  other  concepts  were  considered  to  a limited  degree  in  the 
preliminary  design  stages. 

'.2.1  "Configuration  C" 

Initially,  preliminary  design  layout  and  analysis  of  the  overall  composite 
wing  structural  concept,  identified  as  "Configuration  C",  was  undertaken 
under  NAVAIK  Contract  N000 19- 7 3-C-04 12 , "Feasibility  Study  of  Fibrous 
Composites  (XEV-12A),"  and  was  based  on  XFV-12A  design  criteria.  Accom- 
plishments under  the  present  contract  included  design  layout  of  a struc- 
tural configuration  which  incorporated  full  depth  aluminum  Trussgrid  core 
in  the  center  wing  section  (inboard  of  X 33.93)  and  three-cell  graphite/ 
epoxy  sandwich  construction  outboard  of  X 33.93. 

The  three  spar  "boxes"  were  to  be  laid  up  and  cured  on  wash  out  mandrel 
tooling,  secondarily  bonded  together  and  covered  with  graphite/epoxy 
outer  face  skin  laminates. 

lo  assure  physical  compatibility  between  the  graphi te /epoxy  wing  and  the 
XFV-12A  technology  prototype  wing,  mold  line'  cuts  were  developed  at  existing 
front  and  rear  spars  including  the  three  point  wing- to- fuse  1 age  attachment 
locations,  11.1’.  0.0,  Wing  Sta.  33.93,  and  at  the  tip  rib  attachment  area. 

To  accommodate  existing  routing  of  systems  with  minimum  rework  to  the 
prototype  vehicle  the  front  spar  and  routing  "tunnel"  were  located  at  the 
leading,  edge  based  on  a layout  of  fuels,  controls,  hydraulic,  and  electrical 
line  . A plan  view  of  this  configuration  is  shown  in  Figure  B-6 . Figure  22 
presents  a perspective  sketch  of  the  test  specimen  configuration.  A per- 
pe e tlve  view  looking  aft  through  the  center  of  the  "Configuration  C"  wing 
configuration  Is  shown  In  Figure  B-7  . For  this  configuration  conic  mold 
lines  were  developed  locally  in  the  wing  center  section  to  eliminate  con- 
i' tit  rated  kick  loads  resulting  from  the  straight  line  geometry  of  the 
prototype  metal  structure.  Master  dimension  modifications  were  made  at 
the  I rejnt  and  rear  spar  planes  to  accomplish  smooth  flow  of  continuous 
fibers  and  distributed  load  paths. 
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As  shown  in  the  perspective  sketch  of  Figure  23  three  different  forms  of 
reinforcement  are  included  in  the  "Configuration  C"  concept,  i.e.,  uni- 
directional tape,  woven  bidirectional  fabric,  and  woven  unidirectional 
fabric. 

A production  flow  diagram  was  developed  for  th<  manufacture  of  the 
"Configuration  C"  composite  wing  center  section  and  this  is  shown  in 
Figure  B-8.  A weight  estimate  for  the  graphite  "Configuration  C"  wine, 
based  on  preliminary  NASTRAN  analysis  and  siring  for  strength  and  stiff- 
ness required  by  the  critical  landing  condition,  is  62b  pounds  for  the 
composite  wing  forward  of  the  augment! r. 

However,  it  was  concluded  that  extension  of  the  "Configuration  C"  com- 
poslti  wing  design  was  beyond  the  present  state-of-the-art  and  presented 
problems  of  inspection  of  bond  lines  in  the  internal  structure.  Kxcluding 
wing  bending  fatigue  and  environmental  effects,  flatwisi  tensile  stresses 
of  9 19  psi  were  calculated  to  exist  in  the  center  wing  section  (inboard 
of  Xw  33.93).  Four  (2  x 2)  flatwise  tension  specimens,  graph i te /epoxy 
bonded  to  6.0  pcf  Trussgrid  core,  were  tested  and  resulted  in  failure 
stresses  of  512,  996,  505,  and  977  psi  ultimate.  Based  on  limited  static 
test  data,  substantiation  of  the  center  wing  section  face  to  core  bond 
strength  must  be  considered  marginal  when  subjected  to  flatwise  tensile 
loads.  Therefore,  in  order  to  establish  a graphite/epoxy  configuration 
which  could  be  more  fully  substantiated  by  the  available  data  base,  the 
incorporation  of  Trussgrid  core  and  consideration  of  filament-wound  sub- 
structure with  bonded  skins  was  deferred  in  preference  to  consideration 
of  conventional  precured  substructure  with  a mechanically  fastened  re- 
movable skin  panel. 

f.2.2  Trussgrid  Concepts 

In  addition  to  tin  use  of  Trussgrid  core  in  the  wing  center  section  of 
"Configuration  C",  concepts  were  investigated  to  extend  the  full  depth 
Trussgrid  core  construction  outboard  of  33.93.  These  concepts  in- 
cluded three  cell  and  one  cell  structures,  with  and  without  lightening 
ho  I es . 

To  investigate  the  feasibility  of  a wrap-around  skin  concept  using  Truss- 
grld  core  with  staggered  ply  splices  along  the  leading  edge  and  utilizing 
oni  final  cocure,  two  9 1/2  x 16  x 16  inch  full  depth  specimens  were 
successfully  processed  without  evidence  of  wrinkles.  Class  fabric  facings 
weri  used  on  a full  depth  8 1/2  pcf  Trussgrid  core  as  shown  in  Figure  29. 

Assuming  that  Trussgrid  may  become  interchangeable  with  reticulated  poly- 
urethane foam  as  baffle  material  for  explosion  suppression  in  aircraft 
fuel  tanks,  its  potential  use  as  integral  structure  appears  cost-effective 
throughout  wet  wing  application  without  weight  penalty. 
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SECT  LON  4.0 


MATERIAL.  SELECTION  & SPECIFICATIONS 


Graphite /epoxy  prepreg  was  specified  as  the  primary  structural  composite 
material  to  be  considered  for  use  in  this  program.  Graphite/epoxy  was 
selected  in  preference  to  boron/epoxy  primarily  due  to  the  current  lower 
cost  of  the  graphite  materials  with  projected  further  cost  reduction  of 
carbon  fibers  in  the  future  and  escalation  in  the  price  of  boron  fibers. 
Other  considerations  favoring  the  use  of  graphite  fibers  included  better 
machinabi 1 i ty  and  capability  to  form  graphite  around  the  sharp  bend  radii 
encountered  in  spar  and  rib  caps  and  severe  contours  of  the  lower  cover 
skins.  Temperature  extremes  in  the  wing  box  structure  are  expected  to 
range  between  -20°F  and  +200°F  with  possible  future  extension  to  +250°F, 
therefore  a 350°F  curing  epoxy  resin  system  was  specified  for  the  prepreg 
and  adhesive  materials.  Other  requirements  of  the  prepreg  and  adhesive 
materials  included  compatibility  with  conventional  autoclave  curing  and 
secondary  bonding  tools  and  processes.  The  following  paragraphs  define 
the  specific  materials  selected  for  use  in  the  fabrication  of  the  wing 
box  test  section  and  the  specifications  used  for  procurement  and  certi- 
fication of  these  materials. 

4.1  GRAPH 1TE/E POXY  PREPREG 

A balanced  high-strength,  high-modulus  350°F  curing  graphite/epoxy 
prepreg  material  was  desired  to  satisfy  the  strength  and  stiffness 
requirements  of  the  wing  box.  Various  candidate  material  systems 
were  evaluated  and  several  were  found  which  would  meet  the  general 
requirements  of  this  application.  Eiberite  Corporation's  Hy-E-1034C 
unidirectional  graphite/epoxy  tape  which  combines  Union  Carbide's 
1-300  fiber  with  Fiberite’s  X9 34  resin  system  was  selected  from  the 
list  of  potential  candidate  materials.  Primary  n asons  for  this 
selection  included  previous  experience  with  this  material  system  at 
the  Columbus  Aircraft  Division  (CAD),  concurrent  use  of  this  material 
by  iu 1 sa  Division  of  Rockwell  International  for  space  shuttle  door  fab- 
rication, and  use  of  the  material  on  the  Lockheed  Trident  missile  pro- 
gram from  which  a relatively  large  material  data  base  was  available. 

Other  factors  influencing  the  selection  of  this  material  included 
its  availability  in  woven  fabric  and  mat  forms,  however,  only  uni- 
directional tape  was  used  in  the  final  wing  box  test  section. 


4 1 


«-■  ■ 


Physical  properties  of  this  material  are  specified  in  CAD  specification 
1IB01  iO- 102  which  covers  a full  range  of  prepreg  requirements  such  as 
resin  content,  tack,  fiber  alignment,  allowable  defects  and  cured  lami- 
nate strength  and  modulus.  Material  for  this  program  was  purchased  under 
Type  It,  Class  2,  Grade  1,  category  T-A  of  this  specification  which  re- 
quires 0.045  inch  thick  cured  unidirectional  tensile  and  compression 
coupons  to  exhibit  the  following  minimum  strength  and  modulus  values: 

Minimum  Value  Requirements:  The  following  strength  and  modulus  values 
shall  be  equalled  or  exceeded  90  percent  of  the  time  based  on  tests 
of  at  least  ten  coupons  per  lot  for  each  requirement. 

Tested  at  75  +5°F 


F„  = 190,000  psi  E = 18  x 106  psi 

tu  r t K 

K = 180,000  psi  E = 18  x 10b  psi 

cu  ’ K c r 


Tested  at  350 

+ 10°F  after 

1/2  hour 

at  test 

temperature 

K = 175.000 

tu  f 

psi 

E = 
t 

X 

o 

00 

10b  psi 

V = 140.000 

cu  ? 

psi 

E = 
c 

X 

o 

QO 

106  psi 

Sc  a t [ e r Fac  tor s : The  mean  value  divided  by  minimum  value  shall  not 

exceed  1.25. 

Approximately  800  pounds  of  twelve  inch  wide  and  three  inch  wide  prepreg 
tape  were  procured  to  this  specification  for  use  in  this  program,  the 
twelve  inch  wide  tape  being  used  for  large  gently  contoured  areas  and 
three  inch  tape  used  for  the  more  severely  contoured  areas  of  the  front 
spar  and  lower  cover  skins. 

4.2  ADHESIVES 

A reliable  350°F  curing  film  adhesive  system  was  required  for  secondary 
bonding  of  all  cured  graphite/epoxy  laminate  face  skins  to  the  glass/ 
phenolic  honeycomb  core  and  for  faying  surface  bonding  of  spar  caps  and 
glass/epoxy  Inserts. 

The  1M  f.ompany  AF-143  film  adhesive  has  been  certified  by  Rockwell 
International  and  is  used  extensively  in  bonding  of  production  com- 
ponents of  the  B-l  aircraft  and  space  shuttle.  A modification  of  this 
adhesive,  designated  AF-147  was  selected  for  use  in  fabrication  of  the 
composite  wing  box  test  section.  The  modification  consists  of  the 
addition  of  a flexabilizer  to  provide  increased  toughness  and  resiliency 
with  increased  peel  strength.  Me ta  1- to-me ta 1 peel  is  three  times  greater 
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and  honeycomb  peel  is  1 1/2  to  2 times  better.  The  shear  strength  of 
t he  two  materials  is  comparable  with  a 2000  p.si  lap  shear  strength 
retention  at  100°F. 

Figure  21  illustrates  the  lap  shear  strength  characteristics  of  this 
material  as  a function  of  temperature.  Supported  0.08  lb/ft. ^ film 
AK-147  adhesive  was  selected  for  all  bonded  surfaces  of  the  composite 
wing  box.  In  flatwise  tension  tests  of  a typical  intermediate  spar  cap 
to  sandwich  cover  skin,  bonded  joint  failures  were  produced  in  the  cover 
skin  laminates  but  no  adhesive  failures  occurred  in  the  spar  cap  to  skin 
faying  surface  joint  or  in  the  core  to  face  sheet  bonded  joint. 

4.  1 HONKYCOMB  COKK 

Honeycomb  sandwich  construction  was  selected  for  most  of  the  primary 
structural  components  of  the  composite  wing  box  including  the  cover 
skins,  front  spar  and  intermediate  spars.  Principal  characteristics 
required  in  the  honeycomb  core  were  (1)  high  shear  strength  for  trans- 
mitting fuel  pressure  and  aerodynamic  loadings,  (2)  high  shear  modulus 
(or  stabilizing  facing  skins  against  compression-buckl  ing  and  .shear- 
buck  ling,  (1)  high  flatwise  tension  and  compression  strength,  (4)  cor- 
rosion resistance,  (5)  fuel  and  moisture  resistance,  (6)  impact  re- 
sistance-, and  (7)  formability  and  machinabi 1 i ty . 

The  following  three  basic  types  of  material  were  considered  for  this 
app 1 ic  a t i on : 

1 . A1  utninum 

2.  Class  Fabric  Ke-inforce-d  Phenolic 

1.  Nylon-fiber  Keinforced  Phenolic 

All  of  these  materials  would  satisfy  the  basic  de-sign  requirements  with 
varying  degrees  of  efficiency.  Table  1 presents  a comparison  of  shear 
strength  and  shear  modulus  values  for  honeycomb  core  fabricated  from 
t he  se  materials  and  it  may  be  seen  that  aluminum  honeycomb  has  a clear 
cut  advantage  based  on  the  important  shear  modulus  value  and  also  has  a 
better  s t rengt  h/dens  i ty  characteristic  than  the  othe-r  materials.  However, 
a se  rious  concern  has  arise-n  over  the  corrosion  potential  between  aluminum 
and  graph i te /e poxy  laminates  and  therefore  it  was  decided  to  select  a 
nonttu  ta  1 1 ic  core-  for  use  in  the  severe  Navy  aircraft  operating  environ- 
ment . 

A new  typi  ot  glass/phenolic  honeycomb  core  designated  as  "F'ibertrus s" 
was  introduced  by  the  Hexcei  Company  at  the  time  of  this  material  selec- 
tion. This  material,  made-  of  phenolic  impregnated  fiberglass,  has  the 
libers  oriented  at  41  degrees  to  the  cell  axis.  This  bias  weave  con- 
true  lion  markedly  improve  s the  shear  modulus  properties  compared  to 
straight  weave  fiberglass  reinforced  core.  Orienting  the  fibers  in  the 
dine  t ion  of  shear  stress  not  only  improves  the  shear  characteristics, 
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NOTE:  DATA  PRESENTED  ARE  TYPICAL 

DESICN  ALLCVA3LES  807.  OF 
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FIGURE  25  LAI’  SHEAR  CHARACTERISTICS  OF  THE  AF- 147 /EC- 39 L ^ ADHESIVE  SYSTEM 
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but  also  helps  impact  resistance  of  the  core.  The  material  is  designed 
for  continuous  service  temperature  to  350eF. 

Based  on  these  considerations  the  Fibertruss  core  material  was  selected 
for  use  in  this  program.  A 1/8  inch  cell  size  5.5  lb/ft.*  density  was 
used  in  all  sandwich  panel  assemblies,  the  1/8  cell  size  being  selected 
to  provide  maximum  bond  area  to  the  f»ce  sheet  and  to  give  good  com- 
pression stability  in  the  autoclave  cure  cycle.  It  was  found  that  this 
core  material  could  be  readily  machined  or  sanded  to  match  the  tapered 
laminate  interfaces  of  the  sandwich  assemblies  and  could  be  fine  sanded 
to  obtain  perfect  mark  off  in  the  core  prefit  inspection. 

4.4  POTTING  COMPOUND 

Potting  compound  was  used  to  stabilize  the  Fibertruss  honeycomb  core 
at  all  mechanical  fastener  locations.  This  consisted  of  a two  part 
180#F  curing  epoxy  paste  adhesive  manufactured  by  the  Hysol-Dexter 
Corporation  designated  ADX-3111.1  filled  with  3M  Company  B-25-B  glass 
bubbles  mixed  in  the  following  proportions. 


100  parts  by  weight  ADX-3111.1  Part  A 
18  parts  by  weight  ADX-3111.1  Part  B 
25  parts  by  weight  B-25-B  glass  bubbles 

This  lightweight  potting  compound  was  effective  in  stabilizing  the 
core  as  discussed  in  Section  6.0,  however,  filling  the  core  in  specific 
locations  with  this  compound  proved  time  consuming  and  difficult  to 
inspect.  It  is  recommended  that  consideration  be  given  to  the  use  of 
heavier  density  core  in  lieu  of  potting  compound  on  future  designs. 

4 . 5 METAL  COMPONENTS 


As  noted  in  Section  1.0  several  components  of  the  wing  box  test  section 
were  fabricated  from  aluminum  alloy.  These  include  the  following: 


Item 

Center  Line  Rib 

Center  Line  Splice  Plates 

Rear  Spar 

Rear  Spar  Splice  Fitting 
Wing  to  Fuselage  Attach  Fitting 
B. P.33.93  Rib  Aft  Section 
Miscellaneous  Clips 


Material 

7075-T73  Hand  Forged  Billet 
7075-T7 3 Hand  Forged  Billet 
7075-T73  Hand  Forged  Billet 
7075-T73  Hand  Forged  Billet 
7075-T73  Hand  Forged  Billet 
7075-T73  Hand  Forged  Billet 
2024-T62  Sheet 
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Aluminum  alloy  was  selected  lor  these  components  primarily  due  to 
concentrated  load  applications  requiring  sharp  directional  changes 
and  splices  at  the  center  line  joint  and  wing  to  fuselage  attachment 
fitting.  Machined  fittings  allow  tri-directional  load  transfer  in 
these  areas  and  capability  for  using  threaded  fasteners  and  tapped 
threads  in  the  centerline  kick  load  rib  with  less  risk  than  a cotn- 
posi te  build  up. 
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SECTION  5.0 


STRUCTURAL  ANALYSIS 


The  structural  analyses  of  major  significance  included  the  determination 
of  stress  distributions  in  the  full  wing  (semi-span)  and  the  test  wing 
section  fabricated  (cut  off  at  R.S.  Sta.  79.54)  using  the  NASTRAN  finite 
element  program,  sandwich  panel  buckling  analysis  for  critical  cover  and 
intermediate  spar  sandwich  panels,  analysis  of  major  splice  joints,  and 
a flutter  evaluation. 

The  analytical  methods  and  limited  results  are  discussed  in  the  following 
paragraphs  with  more  detailed  analysis  of  critical  areas  presented  in 
Appendix  A. 

5.1  EINITF.  ELEMENT  ANALYSIS 

I'or  overall  stress  analysis  of  the  composite  wing  the  NASTRAN  finite 
element  computer  program  was  utilized  using  the  model  shown  in  Figure 
Analyses  were  performed  for  two  critical  conditions,  i.e.,  Max.  Vertical 
Landing  and  a symmetrical  flight  condition.  The  analytical  model  utilized 
several  types  of  elements  from  the  NASTRAN  library  as  follows: 

(a)  Main  wing  box  sandwich  covers  - CQUAD1  and  GTRIA1 

(h)  Vertical  webs  - CSHKAR  in  conjunction  with  CONROD 
e lernen  t s 

(c)  Spar  caps  - CONROD 

(d)  L.K.  skins  - CQDMF.M  1 

Analyses  were  performed  on  both  the  total  wing  panel  as  shown  in  Figure 
and  on  the  actual  wing  box  test  section  which  extends  outboard  to  R.S. 

Sta.  79.54.  In  addition,  analyses  were  performed  for  the  original  con- 
figuration and  for  the  final  version  with  increased  rear  spar  cap  areas  to 
reduce  tin  skin  stresses  to  approximately  35000  psi. 

IV s l loads  for  application  at  R.S.  Sta.  79.54  for  the  Max.  Vertical  Landing 
Condition  were  obtained  in  the  following  manner; 

(a)  Initial  analysis  applied  the  outboard  loads  and  determined 
reactions  at  the  inboard  end. 

(h)  Stress  levels  In  the  inboard  critical  areas  were  noted  as 
target  values  for  test  load  application 
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(c)  analysis  of  the  test  wing  configuration  was  performed  by 
applying  the  original  reaction  loads  at  the  inboard  end 
and  obtaining  reactions  at  R.S.  Sta.  79.54 

(d)  critical  area  stress  levels  were  compared  and  the  loads  at 
R.S.  Sta.  79.54  verified  as  the  applied  static  test  loads. 

The  dt sired  skin  stress  level  of  approximately  35000  psi  was  controlled 
purely  by  an  increase  in  the  aluminum  rear  spar  cap  areas.  The  reduced 
skin  stress  levels  resulting  from  increased  spar  cap  areas  are  shown  in 
figure.  and  28  for  the  upper  cover  and  lower  cover,  respectively.  This 
analysis  reflects  a maximum  compression  stress  of  38400  psi  in  the  upper 
cover  and  a maximum  tension  stress  of  36400  psi  in  the  lower  cover.  These 
stres-as  compare  favorably  with  the  desired  target  value  of  35000  psi. 

1'hc  NASTKAN  analysis  also  reflects  the  tapered,  interleaved  thickness 
buildup  provided  in  the  skins  at  33.93  and  skin  splice  areas. 

Additional  results  of  the  NASTRAN  finite  element  analysis  are  presented  in 
Appendix  A for  preliminary  cover  stress  distribution  and  outer  panel  stresses. 

Applied  loads  as  defined  by  analysis  for  static  and/or  fatigue  testing  of 
the  wing  test  section  are  described  in  Section  9.0  for  both  the  Max.  Vertical 
landing  Condition  and  the  critical  symmetrical  flight  condition. 

5.7  SANDWICH  PANEL  RUCKLING 

I he  buckling  analysis  of  critical  graphite/epoxy  sandwich  panels  included 
tin  d<  termination  of  compression  buckling  allowables  for  biaxia 1 ly- loaded 
main  box  cover  panels  and  defining  shear  buckling  allowables  for  inter- 
mediate spar  webs. 

Room  temperature,  elastic  buckling  allowables  for  the  biaxial ly- loaded 
cuv  i panels  wc  re  defined  by  the-  methods  presented  in  the  "Advanced 
Composites  Design  Guide,"  Volume  II  and  the  use  of  Program  AC-5,  Honeycomb 
• andwlch  Panel  Stability  Under  Inplane  Biaxial  Loading.  Buckling  coeffi- 
i lents,  k,  were  defined  as  a function  of  load  ratio,  panel  aspect  ratio, 
no.  of  half-waves  in  the  x and  y directions,  and  the  pane  1 stiffness 
parameters.  'hear  stresses  in  the  cover  panels  were  low  and  were  considered 
ne. liriblf  In  the  panel  buckling  analysis. 

Room  t < mpprature , elastic  shear  buckling  allowables  for  the  intermediate 
par  sandwich  webs  were  defined  by  methods  presented  in  the  "Advanced 
1 omposlte  Design  Guide,”  Volume  11  and  the  use  of  Program  AC- 1 1 , Honeycomb 
andwlch  Panel  Stability  for  Inplane  Shear  Loading.  Shear  loading  only  was 
considered  on  thise  panels  since  they  were  mode-led  as  CSHEAK  elements  in 
tin  finite  element  analysis. 


WIND  UPPER  COVER  STRESSES 


INCREASED  SKIN'  THICKNESSES  LOOM  I Y 
AT  INBOARD  ATTACH  AND  B.P.  33  RIB 
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NOTE : 

Maximum  compression  stress  = 38400  psi 
Maximum  strain  = 4520  JU." /"  ult. 


Material  properties  for  tin  laminates  and  orientations  of  interest  were 
obtained  for  the  high  strength  graphite/epoxy  from  the  "Advanced  Com- 
posites Design  Cuide,"  Volume  I as  described  in  Section  2.4. 

Analyses  of  typical  critical  main  box  cover  panels  under  biaxial  loading 
arc  shown  in  Appendix  A. 

5.  1 ROl.TKD  JOINTS 

I'he  major  bolted  joint  requiring  extensive  analysis  was  the  rear  spar 
splice  at  tin  centerline  which  includes  an  external  splice  plate,  graphite/ 
epoxy  sandwich  skin,  rear  spar  flange,  and  a splice  fitting  nested  in  the 
rear  spar.  This  splice  extends  approximately  15  inches  outboard  on  each 
wing  panel.  The  purpose  of  tin  splice  is  twofold;  i.e.,  to  transfer  axial 
loads  from  the  discontinuous  spar  cap  and  graphite/epoxy  skin  to  the  splice 
plate  and  fitting,  and  to  build  up  equivalent  spar  cap  area  in  order  to 
aintain  graphite/epoxy  skin  panel  stresses  of  approximately  i50()0  psi. 
Therefore,  the  splice  elements  and  fasteners  are  not  particularly  critical 
(or  static  strength.  The  major  elements  in  the  splice  are  the  spar  cap, 
splice  plate,  and  splice  fitting  which  are  aluminum  alloy.  These  are 
either  tapered  or  stepped  based  on  fatigue  life  considerations  and  to 
obtain  a nearly  uniform  load  distribution  in  the  fasteners.  Sketches 
of  the  upper  and  lower  rear  spar  splices  are  shown  in  Figure  29  and  30 
re spec t i ve 1 y . 

I'reliminary  sizing  was  accomplished  by  considering  the  required  equivalent 
aluminum  spar  cap  area,  and  the  preliminary  bolt  shear  load  distribution 
was  obtained  using  a shear  lag  approximation  procedure  to  determine  re- 
quired bolt  size  and  spacing.  Because  of  the  large  grip  lengths  required, 
a fastener  diameter  of  j/8-inch  was  selected  to  minimize  bolt  bending. 

One i the  final  dimensions  were  established  a computer  analysis  was  performed 
for  both  the  upper  and  lower  splice  joints  using  an  axial  load  applied  at 
tin  outboard  end  of  the  joint  with  a magnitude  of  120,000  pounds  which  was 
slightly  higher  than  the  rear  spar  load  indicated  by  the  NASTKAN  finite 
e- 1 omen  t analysis.  The  computer  method  for  joint  analysis  was  based  on  the 
methods  of  "Inelastic  Mechanical  Joint  Analysis  Method  with  Temperature 
and  Mixeel  Mate  rials,"  by  B.  K.  Gatewood  and  K.  W.  Gehring.  Stiffness 
factors  for  the  joint  were  estimated  from  available  test  data  and  an  in- 
vestigation revealed  that  rather  large  variations  in  the  joint  stiffness 
factors  had  relatively  little  effect  on  the  load  distribution.  For  example, 
an  analysis  was  performed  assuming  that  the  joint  stiffness  factors  were 
twice  those  originally  used  which  indicated  very  small  differences  in  the' 
Joint,  load  distribution. 


FICLRE  30  IOWER  REAR  SPAR  CENTERLINE  SPI  ICF. 


The  results  of  this  analysis  for  both  upper  and  lower  flange  splices 
indicated  no  critical  static  bolt  shear,  bearing,  or  tension  in  the 
plates  at  the  maximum  design  load.  Bolt  load  distributions  for  the 
upper  and  lower  splices  are  shown  in  Figures  31  and  32  , respectively, 
critical  bearing  areas  and  critical  bolt  elements  are  noted  in  these 
figures.  i’late  stress  distributions  for  the  upper  and  lower  splice 
are  shown  in  Figures  33  and  34  , respectively.  Critical  axial  loads 
in  the  plates  are  noted  on  these  figures.  However,  for  all  critical 
areas  noted  in  the  figures  it  should  be  noted  that  the  stresses  are 
low  and  reflect  relatively  high  margins  of  safety. 

Four  bolts  at  the  junction  of  the  splice  fitting,  rib  cap,  graphite/ 
epoxy  skin,  and  splice  plate  transfer  very  small  loads  from  the  span- 
wise  component  and  are  essentially  designed  to  carry  the  chordwise 
load  component  into  the  rib  cap.  The  vertical  load  component  is  trans- 
ferred into  the  web  of  the  splice  fitting  by  tension  bolts  through  the 
splice  plate  and  rib  cap.  These  tension  bolts  attach  directly  into  the 
splice  fitting  through  the  use  of  helicoil  inserts. 

The  other  significant  mechanically  fastened  joint  is  the  splice  joint 
between  the  cover  skins  and  the  centerline  rib.  This  joint  was  espe- 
cially critical  with  the  cover  skins  transferring  a considerable  portion 
of  the  bending  moment  across  the  centerline  rib.  Final  design  of  the 
joint,  to  reduce  stress  concentrations,  was  accomplished  only  after 
performing  development  tests  as  described  in  Section  6.2.  A detailed 
analysis  of  the  centerline  splice  joint  is  shown  in  Appendix  A. 

3.4  FLUTTER  EVALUATION 

A flutter  evaluation  was  performed  with  the  compositt  wing  box  modeled 
a.',  a single  beam-rod  with  rigid  vertical  stabilizers  and  control  system. 
I'in-pinned  symmetric  and  an  t i - sytrane  t r ic  vibration  analyses  were  performed 
using  a three-point  wing  restraint.  Results  of  these  analyses  are  pre- 
sented  in  Table  4.  Theoretical  flutter  analyses  weri  then  performed 
using  three-dimensional  incompressible  aerodynamics.  The  analytical 
solutions  for  the  symmetric  and  anti-symmetric  conditions  are  plotted 
in  Figures  33  and  36,  respectively,  as  frequency  and  damping  versus 
velocity.  The  minimum  predicted  flutter  speed  is  shown  in  Figure  36  to 
be  647  knots. 


A ! ur  i nir: 


FIGURE  31  UPPER  REAR  SPAR  CENTERLINE  SPLICE;  DESIGN  ULTIMATE 
BO I I SHEAR  LOAD  DISTRIBUTION 
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FIGURE  33  UPPER  REAR  SPAR  1 EM  ERL  INK  SPLICEf  DESIGN  ULTIMATE  COMPRESSION 
STRESS  DISTRIBUTION 
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TABLE  A 

THEOKmcAl.  VIBRATION  RESULTS 
X K V - 12A  COMPOSITE  WING 


ee  Table  2 for  symbols 


XFV-12A  COMPOSITE  WING 

FIGURE  35  MINIMUM  PREDICTED  FLUTTER  SPEED;  SYMMETRIC  CONDITION 

FREQUENCY  AND  DAMPING  VS.  VELOCITY 


See  Table  2 for  s,vrr.bols 
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XFV-L2A  COMPOSITE  WING 

FIGURE  36  MINIMUM  PREDICTED  FLUTTER  SPEED;  ANTI-SYMMETRIC  CONDITION 

FREQUENCY  AND  DAMPING  VS.  VELOCITY 


SECTION  6.0 


DESIGN  DEVELOPMENT  AND  VERIFICATION 


Verification  tests  for  design  development  included  laminate  tests  for 
certification  of  the  Fiberite  Hy-E-l034C  graphite /epoxy  prepreg  tape, 
static  and  fatigue  tests  of  the  centerline  splice  joint,  flatwise 
tension  and  edgewise  compression  of  sandwich  material,  intermediate 
spar  joint  tests,  comparison  of  precured  versus  cocured  laminate- 
sandwich  construction,  and  an  investigation  for  installation  of  Hi-Lok 
fasteners  in  the  sandwich  material. 

6.1  LAMINATE  STRENGTH  TESTS 

Certification  of  1 2- I nc h- wide  Fiberite  Hy-E-1034C  graphi te/epoxy  prepreg 
tape  was  accomplished  in  accordance  with  Columbus  Aircraft  Division 
Specification  No.  HBG130-102.  Unidirectional  tension  and  compression 
strength  and  modulus  data  were  obtained  where  the  results  are  presented 
in  Figures  37  and  38  for  unidirectional  strength  and  modulus,  respec- 
tively. Data  were  obtained  at  both  room  temperature  and  350°F.  except 
for  the  tension  modulus  at  350°F.  This  was  due  to  the  unavailability  of 
an  extensometer  calibrated  above  180°F.  However,  the  tension  modulus  is 
primarily  filament  dependent  and  certification  of  the  material  was  not 
delayed.  Minimum  specification  requirements  are  shown  in  Figures  37 
and  18  and  the  data  met  or  exceeded  these  requirements  for  the  material 
tested  where  these  data  are  typical  for  a 250-lb.  lot  of  graphite/epoxy 
prepreg  material  . 

6 . 2 CENTERLINE  SPLICE  JOINT 
6.2.1  Static  Tests 

Four  axial  load  specimens  were  fabricated  to  the  configuration  shown  in 
Figures  39  and  AO  and  static  tested  at  room  temperature  to  verify  axial 
load  transfer  at  the  centerline  skin  splice.  All  specimens  exceeded  the 
design  ultimate  load  of  16,085  pounds  with  interlaminar  shear  and  shearout 
(allures  predominating.  Failing  loads  for  the  specimens  were  17,680  pounds, 
1 H , 100  pounds,  19,500  pounds,  and  19,000  pounds.  Specimen  failures  are 
shown  in  Figures  41  and  42.  These  data  are  summarized  in  Table  5 which 
also  indicates  a maximum  stress  concent ra t ion  of  1.28.  Therefore,  the 
joint  design  was  modified  to  reduce  the  stress  concentration  and  incor- 
porate an  improved  stacking  order. 
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PROBABILITY  OF  SURVIVAL 


FIGURE  37 


QUALITY  CONFORMANCE  TESTS 
FIBERITE  Hy-E- 1039C  UNIDIRECTIONAL  TAPE  LAMINATE 
LOT  NO.  9D-82 

PURCHASE  ORDER  H- 562-K-00608  3 
TESTED  PER  SPECIFICATION  HB0130-102 
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MINIMUM  SPECIFICATION  REQUIREMENT 


R. T.  TENSION 

S. F.  = 1.08 


350 °F  TENSION 
S.F.  = 1.09 


R.T.  COMPRESSION 
S.F.  = 1.09 


350°F  COMPRESSION 
S.F.  = 1.09 
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STRESS  - KS1 


PROBABILITY  OF  OCCURRENCE 


FIGURE  38 


QUALITY  CONFORMANCE  TESTS 
FIBERITE  Hy-E- L034C  UNIDIRECTIONAL  TAPE  LAMINATE 
LOT  no.  4D-82 

PURCHASE  ORDER  H-562-K-006083 
TESTED  PER  SPECIFICATION  HB0130-102 


^ MINIMUM  SPECIFICATION  REQUIREMENT 


MODULUS  - MSI 
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FICUKfc  £ AXIAL  LOAD  SPECIMEN 


LOAD  SPECIMEN,  DETAIL 


f ICI'Rt  -1  FAILED  1/  AXIAI  LOAD  SPECIMENS 


2 


FIGURE  42  DETAIL  OF  <1  AXIAL  LOAD  SPECIMEN  TEST  FAILURE 
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I i vo  specimens  were  fabricated  for  static  testing  using  the  improved 
stacking  order  shown  in  Figure  4 3 which  includes  32%  [ 0] , 147.  [90]  , 
and  547.  [ +45]  plies.  These  data  also  exceeded  the  design  ultimate  load 
and  the  test  results  are  summarized  in  Table  6 which  indicates  a lower 
stress  concentration  of  1.06.  The  failed  specimens  are  shown  in  Figures 
44  and  45  where  three  specimens  failed  in  the  basic  laminate  with  no 
failure  in  the  net  section  at  the  joint.  It  is  noted  that  the  revised 
laminate  using  327.  [o]  fibers  achieved  the  same  net  stress  level  as  the 
original  laminate  which  used  507.  [.O]  fibers. 

6.2.2  Fatigue  Tests 

Throe  centerline  joint  specimens  were  fabricated  using  precured  laminates 
of  the  revised  stacking  order  of  Figure  43  and  provided  to  the  Naval 
Air  Development  Center  for  fatigue  testing.  Specimen  SN-3  was  cycled 
in  tens  ion- tens i on  with  Ft  = 0 and  an  initial  loading  of  0 to  6500  pounds. 
The  net  calculated  stress  was  16807  psi  through  the  bolt  hole  at  the 
specimen  ends  and  the  gross  stress  was  25890  psi  at  the  center  of  the 
specimen.  Testing  was  stopped  after  1.3  x 10°  cycles  with  no  failure. 

The  load  level  was  increased  to  9750  pounds  for  continued  cycling  but 
the  specimen  was  inadvertently  overloaded  to  188C0  pounds  and  failed 
through  the  net  section  ( = 48610  psi,  •*-  = 74882  psi), 

u 1 1 ° ul  t 

Indicating  that  no  degradation  of  static  strength  had  occurred  due  to 
prior  c.yc  I ivig. 


•Specimen  SN-4  was  cycled  in  tens  ion-compression  without  an  anti-buckling 
guide  with  K = -5  and  an  initial  loading  of  +1300  to  -6500  pounds.  The 
net  calculated  stress  was  -17135  psi  through  the  bolt  hole  and  the  gross 
stress  was  -26363  psi  at  the  center  of  the  specimen.  Testing  was  stopped 
after  1.0  x 10&  cycles  with  a surface  ply  delamination  which  occurred 
after  approximately  800,000  cycles  as  shown  in  Figures  46  and  47. 
Specimen  SN-4  was  then  static  tested  in  compression  to  failure  at  -15900 
pounds  ( (j  __ = -64487  psi)  using  an  anti-buckling  guide, 


'gross 


ult 


Specimen  SN-5  was  cycled  in  tension-compression  with  R = -5  and  a 257. 
increase  in  loading  over  that  for  specimen  SN-4  which  gave  limits  of 
+1625  pounds  to  -8125  pounds.  For  the  maximum  compression  load  the 
net  calculated  stress  was  -29476  psi  and  the  gross  stress  was  -32947  psi. 
This  specimen  was  tested  using  an  anti-buckling  guide  as  shown  in  Figure 

48  which  allowed  approximately  1/16-inch  deflection  laterally.  Surface 
d«  lamination  began  after  approximately  60000  cycles  as  shown  in  Figures 

49  and  50  . Testing  was  stopped  after  100,000  cycles  and  the  specimen 

was  static  compression  tested  to  failure  at  -13950  pounds  ( = 

-56567  psi).  groSSult 
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FIGURF  4 3 REVISED  CENTERLINE  LAMINATE  STACKING  ORDER 
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6.  3 


FLATWISE  TENSION 


To  simulate  pressure  loading  at  the  intermediate  spar  to  lower  skin  panel 
bonded  joint,  five  2- inch  by  2- inch  flatwise  tension  specimens  were  fabri- 
cated by  bonding  a procured  graphite  intermediate  low-  r spar  cap  to  a pre- 
cured graphite  lower  skin  using  .08  psf  AF  147  supported  film  adhesive. 

The  sandwich  skin  panel  incorporated  Fibertruss  core  (HFT- 1 /8- 5 . 5)  and 
the  final  test  configurations  are  shown  in  Figure  51.  Test  failure  loads 
of  1575,  1815,  1750,  2040,  and  1850  pounds  were  attained  with  failure 
occurring  within  the  laminate.  This  resulted  in  a minimum  flatwise 
tensile  strength  of  394  psi  versus  a predicted  ultimate  design  value  of 
300  psi. 

6.4  EDGEWISE  COMPRESSION 

To  simulate  edgewise  compression  of  the  upper  skin  panel  at  an  inter- 
mediate spar  attachment,  two  3-inch  by  4-inch  specimens  were  fabricated 
from  a precured  graphite  sandwich  panel  as  shown  in  Figures  51  and  52 
As  shown  in  Figure  52  the  specimen  incorporates  a 7S34  1/4-inch  flush 
head  fastener  with  an  0-ring  installed  through  a glass  insert,  backed 
up  with  HFT-1/8-5.5  core  filled  with  potting  compound.  Test  failure 
loads  of  26,625  and  27,625  pounds  were  attained  resulting  in  a minimum 
edgewise  compression  stress  of  53787  psi.  For  comparison,  the  maximum 
calculated  compression  stress  at  such  a hole  in  the  upper  cover  panel 
is  approximately  29000  psi. 

6.5  SPAR  JOINT  TESTS 

Room  temperature  static  testing  of  joint  shear  verification  specimens  was 
performed  on  configurations  simulating  both  the  intermediate  spar  to  lower 
skin  bond  and  the  intermediate  spar  to  upper  skin  attachment. 

To  .simulate  the  spar  to  lower  skin  bond  six  1-inch  wide  lap  shear  specimens 
with  ;i  2-inch  overlap  were  fabricated  from  precured  graphite  laminates  of 
15-ply  thickness  using  .08  psf  AF  147  supported  film  adhesive.  These  speci- 
mens are  shown  in  Figure  53  . Test  failure  loads  of  3340,  3580,  3425, 

3530,  3620,  and  3500  pounds  were  attained  resulting  in  a minimum  single 
lap  shear  > tress  of  1670  psi.  This  compares  favorably  with  the  value  of 
1500  psi  used  for  design  of  the  spar  to  lower  skin  bond  joint. 

For  simulation  of  the  shear  transfer  joint  at  the  upper  spar  cap  to  upper 
kin  mechanically  fastened  joint  five  2-inch  wide  specimens  were  fabri- 
cated from  a procured  graphite  sandwich  panel  with  each  specimen  incor- 
porating two  1/4- inch  flush  head  fasteners  with  0-rings.  Specimen  panels 
are  shown  in  Figure  53  . The  sandwich  panel  was  joined  to  a 15-ply  lami- 
nate on  two  specimens  and  to  a 30-ply  graphite  laminate  on  three  specimens. 
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FIGURE  51  JOINT  VERIFICATION  SPECIMENS  FAB 
AND  EDGEWISE  COMPRESSION  TESTS 


I /*  Dia  r- 

I-  ,1  s i cut1  r 


load 


KI'.liM  52  - (IMPRESSION  TEST  SPECIMEN  FOR  INTERMEDIATE 

SPAR  JOINT 
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I' ION  SPECIMENS  FABRL 


Test  failure  loads  of  3535  and  3600  pounds  were  attained  for  the  15-ply 
laminate  specimens.  Failure  loads  for  the  30-ply  laminate  specimens  were 
6480,  6100,  and  6480  pounds,  or  a minimum  of  3050  pounds  per  fastener. 

The  maximum  design  ultimate  shear  flow  at  the  inboard  intermediate  spar 
is  2458  lbs. /inch  for  a 28  lamination  spar  cap  or  3073  pounds  per  fastener 
based  on  a 1 1/4-inch  fastener  spacing.  Two  specimens  were  retested  with 
the  spar  cap  fixed  and  load  applied  to  the  skin  panel  resulting  in  similar 
failures  at  5920  and  5530  pound  loads.  The  test  data  are  considered  con- 
servative due  to  local  bending  moments  present  in  the  joint  area  causing 
pull-through  failure  of  the  flush  head  fasteners.  Protruding  head  fas- 
teners were  incorporated  into  the  design  of  the  wing  inboard  of  X 15.00 
with  the  spar  shear  flows  being  considerably  lower  outboard  of  th¥s  station, 
in  addition,  a 12-ply  doubler  was  incorporated  into  the  upper  cover  panel 
design  at  the  inboard  intermediate  spar  locations. 

6.6  PRECURE  VS.  COCURE  TESTS 

An  in-house  investigation  evaluated  precured  versus  cocured  processing 
using  three  specimens  identical  to  the  revised  joint  specimens  defined 
by  Figures  39  and  43.  In  these  specimens  one  facing  was  precured  and 
one  facing  was  cocured.  Static  tests  to  failure  gave  maximum  loads  of 
14,760,  15,525,  and  15,500  pounds  with  a maximum  stress  concentration  of 
1.28.  Test  data  are  summarized  in  Table  7.  These  results  indicate  a 
20*4  increase  in  stress  concentration  at  the  splice  joint  based  on  cocured 
versus  precured  laminates.  Failures  are  shown  in  Figure  54  . 

6.7  HI- LOK  FASTENERS  INSTALLATION 

Installation  techniques  for  Hi-Lok  fasteners  into  the  graphite/epoxy 
honeycomb  sandwich  panels  were  investigated.  Standard  3/16-inch  diameter 
Hi-Lok  fasteners  were  successfully  installed  in  graphite  sandwich  panels 
using  g 1 ass- re  inf orced  core  filled  with  potting  compound  to  simulate 
intermediate  spar  fabrication.  The  potting  compound  used  consists  of  a 
two-part  epoxy  adhesive  system  (ADX-3111.1)  obtained  from  the  Hysol  Cor- 
poration. To  this  adhesive  system  was  added  25*4  of  3M  glass  bubbles. 

Figure  55  illustrates  the  results  of  using  filled  versus  unfilled  core 
during  Hi-Lok  installation.  It  is  recommended  that  densified  core  plugs 
having  a density  of  approximate ly  42  lbs/cu.ft.  be  investigated  as  an 
alternate  to  the  potting  compound  on  a production  design  due  to  the  time- 
consuming  process  of  injecting  the  compound  and  subsequent  uncertainties 
associated  with  homogeneity  of  the  compound  after  installation. 
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FIGURE  5-4  FAILED  AXIAI  LOAD  SPECIMENS  - COCURED  FACINGS  WITH  REVISED  STACKING  ORDER 
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FIGURF  55  HI- 


SECTION  7.0 


TOOL  INC  & FABRICATION 


The  following  paragraphs  describe  the  tooling  and  fabrication  techniques 
used  in  the  construction  of  the  composite  wing  box  test  section.  The 
wing  box  test  section  consists  of  a left  hand  XFV-12A  main  wing  box  ex- 
tending from  the  # °f  airplane  to  rear  spar  station  79.54  and  includes 
provisions  for  mounting  of  the  wing  to  a structural  test  stand  at  the 
center  line  rib  with  load  application  points  at  the  aft  wing  to  fuselage 
attachment  fitting  and  R.S.  station  79.54  as  defined  on  drawing  8679- 
1 10100  (Figure  B-l  ).  Included  in  this  composite  test  section  assembly 
are  the  following  detail  parts: 


8679- I 10101 
8679-110102 
8679-110103 
8679-1  10105 
8679-110106 
8679-110107 
8679-110108 
8679-110109 
8679-1101 10 
8679-1 1011 1 
8679-1 10112 
8679- 110113 
8679- 110114 
8679-1 101  15 
8679- 110116 
8679-1 10117 
8679-1 10118 
TT- 18636 


Upper  Skin  Panel 
Lower  Skin  Panel 
Front  Spar 

Forward  Intermediate  Spar 
Forward  Inboard  Intermediate  Spar 
Aft  Intermediate  Spar 
Aft  Inboard  Intermediate  Spar 
Hear  Spar 
Centerline  Rib 

Wing  Station  33.93  Forward  Rib 
Wing  Station  33.93  Aft  Rib 
W ing- to-Fuse lage  Attach  Fitting 
Rear  Spar  Splice  Fitting 
Centerline  Splice  Plate 
Wing  Station  33.93  Rib  Splice 
Cl  ips 

Nutplate  Retainers 
Test  Fixture 


A production  flow  diagram  for  the  fabrication  and  assembly  of  these  parts 
is  presented  in  Figure  B-4.  An  alternate  design  concept,  designated 
Concept  "C"  and  described  in  Section  3.2,  was  also  evaluated  for  manu- 
facturing feasibility  in  the  preliminary  design  phase  of  this  program. 

A production  flow  diagram  for  this  design  concept  is  presented  in  Figure B-8. 


7.1  TOOL  DESIGN 

An  overall  tool  design  approach  was  established  in  conjunction  with  the 
basic  engineering  design  and  manufacturing  process  specifications  which 
allowed  fabrication  and  inspection  of  detail  parts  and  subassemblies  with 
subsequent  final  assembly  into  a geometrically  correct  wing  box  section. 


The  baste  requirements  included  maintaining  the  external  mold  line  contours, 
spar  plane  locations,  rib  plane  locations  and  wing  to  fuselage  attachment 
points.  In  addition  to  the  overall  dimensional  tolerance  control  and  mating 
requirements  it  was  necessary  to  provide  sufficient  rigidity  and  durability 
in  the  layup  tools  to  withstand  autoclave  pressure  and  cure  cycles. 

Karly  in  the  design  cycle  a decision  was  made  to  tool  to  the  outer  mold 
line  surface  of  the  honeycomb  sandwich  skin  panels  and  let  the  inner 
sandwich  surface  float  with  the  laminate  and  core  tolerance  buildup.  All 
tdges  of  the  sandwich  panel  and  sandwich  height  at  B.P.  33.93  rib  were 
maintained  at  a nominal  constant  thickness  of  0.600  inch  on  the  upper 
cover  skin  and  0.408  inch  on  the  lower  cover  skin.  Tooling  dimensions 
were  then  set  to  machine  the  aluminum  centerline  rib  caps  and  rear  spar 
caps  with  these  nominal  offsets  from  the  theoretical  mold  lines.  Layup 
tools  for  the  front  spar  and  B.P.  33.93  rib  were  also  set  up  with  these 
nominal  cap  height  offsets  from  the  theoretical  mold  lines.  Control  of 
these  rib,  spar  cap,  and  sandwich  edge  heights  thereby  established  the 
wing  box  mold  line  heights  at  these  locations.  The  intermediate  spar 
cap  mold  line  heights  were  established  in  the  final  wing  box  assembly 
and  any  tolerance  build  up  between  the  cover  skin  sandwich  assembly  and 
spar  web  assembly  was  adjusted  for  in  the  mechanical  attachment  of  the 
spar  caps  to  the  spar  webs.  Aluminum  clips  and  mechanical  fasteners 
provided  positioning  flexibility  for  attachment  of  the  ends  of  the  inter- 
mediate spar  webs  to  the  mating  rib  web. 

7.1.1  Cover  Skin  Panels 

Prior  to  the  start  of  fabrication  of  detail  parts,  a master  plaster  fe- 
ma 1 i model  of  the  upper  and  lower  mold  line  surfaces  was  constructed. 

This  master  model  was  used  throughout  the  program  for  establishing  and 
checking  tool  surface  contours  and  for  checking  the  accuracy  of  fabri- 
cated parts.  The  upper  wing  surface  consists  of  straight  line  conic 
elements  with  modest  curvature  and  a 0.090  inch  steel  plate  was  rolled 
to  match  this  contour  and  used  as  a female  tool  for  layup  and  cure  of 
the  outer  skin  laminate.  This  curved  plate  was  mounted  to  a steel  frame- 
work with  adjustable  studs  and  checked  with  contour  templates  for  final 
positioning  of  the  tool  surface.  A master  mylar  template  was  draped 
over  the  master  plaster  model  surface  and  all  ply  laminate  boundaries 
and  fastener  locations  were  laid  out  on  the  mylar  and  indexed  with  the 
skin  layup  tool.  Individual  ply  laminations  of  twelve  inch  wide  graphite/ 
epoxy  tape  were  laid  out  and  trimmed  to  contour  on  this  mylar  master 
template  then  transferred  to  the  steel  tool  for  layup  "black  on  black" 
as  shown  in  Figure  56  . 
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A similar  steel  plate  was  rolled  to  contour  to  form  a male  layup  tool 
for  the  inner  skin  of  the  upper  cover  skin  sandwich  panel.  Graphite/epoxy 
laminations  were  stacked  to  the  specified  37  ply  pattern  described  in 
Section  3.0,  covered  with  release  mylar,  bleeder  material,  vacuum  bagged, 
and  cured  in  the  autoclave  according  to  the  cure  cycle  described  in  the 
process  specifications  of  Paragraph  7.2.  This  layup  and  cure  was  accom- 
plished in  a one  pass  operation  with  no  intermediate  debulking  steps  re- 
quired during  the  37  ply  skin  laminate  layup.  The  cured  upper  skin 
laminates  were  checked  against  the  master  plaster  model  and  found  to 
match  the  contour.  A cured  upper  cover  skin  laminate  is  shown  in  Figure  57. 

Glass/phenolic  honeycomb  core  was  then  trimmed  to  match  the  edge  contours 
defined  on  the  master  mylar  template,  tapered  to  match  the  laminate  steps 
ai  rib  locations,  routed  for  precured  glass/epoxy  inserts,  filled  with 
potting  compound  at  specified  locations,  cleaned  and  bonded  to  the  outer 
■-kin  with  0.08  Lb/Ft.  AF  147  film  adhesive  on  the  outer  skin  tool  in  an 
autoclave  cure  cycle.  Tapering  of  the  Fibertruss  core  to  match  the  tapered 
skin  laminates  was  readily  accomplished  by  hand  sanding.  A layer  of  Vinylite 
verification  film  was  then  placed  between  the  core  and  the  inner  skin  lami- 
nate, bagged  and  pressurized  in  the  autoclave  at  180°F.  to  check  fit  up. 

High  spots  in  the  core  were  sanded  lightly  and  a second  prefit  check  was 
made  to  verify  core  contact  over  the  entire  skin  surface  prior  to  adhesive 
bonding  of  the  inner  skin  to  the  core.  The  completed  upper  cover  skin  sand- 
wich panel  assembly  was  checked  against  the  master  plaster  model  and  found 
to  match  the  contour. 

A similar  procedure  was  used  for  fabrication  of  the  lower  cover  skin  panel, 
however,  the  severe  contour  changes  at  B.P.  33.93  required  a different 
tooling  approach  to  produce  the  layup  tool.  For  the  outer  mold  line  sur- 
face a male  plaster  splash  was  made  from  the  master  plaster  model.  A 
1/8  inch  thick  fiberglass/epoxy  female  tool  surface  was  laid  up  and  cured 
from  this  splash  and  stud  mounted  to  an  egg  crate  backup  frame  constructed 
ol  fiberglass  sandwich  frames.  A similar  male  fiberglass/epoxy  tool  was 
constructed  for  the  inner  cover  skin.  Layup  of  a skin  laminate  on  this 
tool  is  shown  in  Figure  58. 

('refit  and  bonding  of  the  honeycomb  core  was  performed  in  the  outer  skin 
tool  with  bonding  of  the  inner  and  outer  skins  being  performed  in  the  same 
curt  cycle  on  this  panel.  During  this  cure  cycle  distortion  of  the  graphite 
sandwich  panel  occurred,  deviating  approximately  0.9  inches  from  moldline  at 
X 31.93  along  the  rear  spar  plane.  Two  options  to  re-form  the  skin  were 
considered:  1)  hot  post  forming,  and  2)  forcing  the  skin  to  moldline  and  then 
installing  the  front,  intermediate  and  rear  spars.  Based  on  short  beam  test 
data,  hot  post  forming  appears  to  reduce  interlaminar  shear  strength.  "Forcing1 
t he  skin  to  moldline  would  produce  beneficial  compression  stresses  in  the  outer 
face  sheet.  It  was  therefore  decided  by  NADC  and  CAD  personnel  to  proceed 
with  the  assembly  of  the  lower  panel  and  "force"  it  to  moldline.  Ultrasonic 
through  transmission  inspection  confirmed  overall  good  quality  of  the  sec- 
ondary bonding  operation;  small  voids  were  documented  and  repaired. 
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FIGURE  58  LAYUl  OF  l.OWER  SKIN  PANEL  F At  I Nt  ■ 


7.1.2 


Front  Spar 


The  one-piece  curved  sandwich  front  spar  presented  a unique  tooling,  problem 
for  graphite/epoxy  layup  and  secondary  bonding  of  the  honeycomb  core  and 
spar  cap  angles  shown  in  Figure  17  of  Section  3.0.  It  was  originally  planned 
to  fabricate  this  spar  in  two  straight  sections,  inboard  and  outboard,  and 
mechanically  splice  these  pieces  at  the  B.P.  33.93  rib.  However,  engineering 
design  considerations  of  weight  and  fuel  sealing  requirements  dictated  the 
design  of  a one-piece  spar. 

A female  plaster  master  model  of  the  inner  spar  surface  was  constructed  and 
a male  fiberglass/epoxy  layup  tool  for  the  inner  +45°  face  sheet  laminates 
was  produced.  This  surface  was  stud  mounted  on  fiberglass/epoxy  sandwich 
backup  boards  as  shown  in  Figure  59  and  aligned  to  contour.  Ten  ply  +45° 
inner  face  sheet  laminates  were  laid  up  on  this  tool  using  three  inch  wide 
graphite/epoxy  prepreg  tape  and  hand  working  the  material  to  form  the  upper 
and  lower  cap  flanges  around  the  9.0  inch  radius  of  the  spar  bend  at  B.P. 
33.93.  This  operation  proved  easier  to  perform  than  anticipated  and  no 
cutting,  slitting,  or  bunching  of  the  graphite  tape  was  required. 

The  inner  laminate  was  covered  with  mylar  release,  bleeder  plies,  vacuum 
bag  and  cured  in  the  autoclave.  A tooling  shim  of  the  thickness  of  the 
honeycomb  core  was  added  to  the  layup  too!  and  the  ten  ply  outer  skin 
laminate  was  laid  up  and  cured  in  the  same  manner.  A curved  fiberglass/ 
epoxy  insert  for  the  B.P.  33.93  rib  attachment  was  also  produced  on  this 
front  spar  tool.  The  honeycomb  core  and  fiberglass  inserts  were  fitted 
to  the  cured  face  sheets  on  the  layup  tool,  film  adhesive  was  applied  to 
each  surface  and  the  sandwich  assembly  was  secondarily  bonded  in  the  auto- 
clave. A separate  set  of  tools  was  fabricated  for  layup  of  the  upper  and 
lower  forward  facing  flange  angles.  These  consisted  of  curved  bars  which 
were  molded  to  the  contour  of  the  plaster  master  tools.  The  material  used 
to  form  these  bars  was  an  epoxy  tooling  resin  filled  with  aluminum  needles 
to  a putty  like  consistency  and  was  hand  worked  to  the  model  contour.  Ten 
ply  +45°  flange  angles  were  laid  up  on  these  bars  and  cured  in  the  autoclave. 
The  cured  flanges  were  then  mated  to  the  honeycomb  sandwich  spar  panel  in 
the  layup  tool  and  the  entire  assembly  was  vacuum  bagged  and  autoclave  cured 
for  secondary  bonding  of  the  flanges  to  outer  spar  skin. 

The  final  bonding  operation  consisted  of  layup  and  cure  of  the  upper  and 
lower  +45°  cap  strips  on  the  spar  flanges,  bagging  and  cure  in  the  autoclave. 
The  completed  front  spar  assembly,  shown  in  Figure  60  , exhibited  good  di- 
mensional stability  with  exact  matching  of  the  spar  sweep  angles.  Some 
shimming  was  required  to  mate  the  contoured  lower  spar  cap  with  the  lower 
cover  skin  surface. 


95 


FIGURE  59  LAYUP  OF  +-*5  SHEAR  WEB  ON  FROM  Sl'AR  TOO! 


7.1.3 


B.P.  33.93  Rib 


Machined  kirksite  dies  were  used  for  the  layup  and  cure  of  the  solid  lam- 
inate graphite/epoxy  B.P.  33.93  rib.  The  basic  I-section  of  this  rib,  shown 
in  Figure  19  of  Section  3.0,  was  fabricated  of  four  separate  pieces;  (l) 

Inner  channel,  (2)  Outer  channel,  (3)  Upper  cap  strip,  (4)  Lower  cap  strip. 
The  eleven  ply  channel  sections  were  laid  up  by  hand  on  the  kirksite  dies, 
vacuum  bagged  and  cured  in  the  autoclave.  The  flange  angle  on  the  layup 
dies  was  opened  1°  beyond  nominal  to  compensate  for  thermal  expansion  and 
spring  back  effects. 

The  fifteen  ply  cap  strips  for  this  rib  were  cured  on  flat  plates  and  the 
four  parts  of  the  rib  were  secondarily  bonded  together  with  the  channels 
back  to  back  on  the  kirksite  dies  and  the  cap  strips  vacuum  bagged  to  con- 
form to  the  flange  contour.  Rib  stiffener  angles  were  fabricated  separately 
and  secondarily  bonded  to  the  rib  web.  The  completed  B.P.  33.93  graphite 
rib  is  shown  in  Figure  61  . 

7.1.4  Intermediate  Spars 

I h<  intermediate  spars  consist  of  a honeycomb  sandwich  web  with  separate 
mechanically  attached  caps  as  shown  in  Figure  18  of  Section  3.0.  The 
graphite  epoxy  web  face  sheets  are  +45°  laminates  and  were  laid  up  and 
cured  on  flat  aluminum  plates.  The  faces  for  all  four  intermediate  spar 
webs  were  laid  up  and  cured  in  one  piece  and  indexed  to  match  the  honeycomb 
cori  blanket.  The  core  blanket  was  indexed,  filled  with  potting  compound 
in  specified  areas  and  run  through  an  oven  cycle  to  cure  the  potting  com- 
pound. Faces  and  core  blanket  were  then  mated  and  secondarily  bonded  with 
Af-  lu7  film  adhesive  in  an  autoclave  cycle.  Individual  spar  webs  were  sub- 
s<quently  cut  and  trimmed  from  this  honeycomb  sandwich  panel  and  inspected 
to  verify  proper  location  of  the  potting  compound  in  the  edges  of  the  spar 
web.  Precured  edge  doublers  were  then  secondarily  bonded  to  the  sandwich 
spar  webs. 

The  upper  spar  caps  consist  of  a U-shaped  laminate  which  follows  the  contour 
of  the  upper  cover  skin.  The  intermediate  spar  caps  follow  a compound  curva- 
ture in  the  inboard  section  and  straight  line  elements  in  the  outboard  sec- 
tion. Machined  steel  bars  were  used  for  layup  and  cure  of  these  spar  cap 
laminates.  The  lower  spar  caps  consist  of  four  separate  pieces;  (l)  Center 
II  section,  (2)  Forward  angle  flange,  (3)  Aft  angle  flange,  (4)  Cap  strip. 

The  center  U sections  were  laid  up  and  cured  on  steel  bars  in  the  same 
manner  as  the  upper  caps.  The  fwd  and  aft  angles  were  laid  up  on  this  same 
U section  tool  in  one  tpiece  and  split  down  the  middle  to  form  the  angle 
.sections.  The  cap  strip  was  cured  separately  on  a flat  plate.  The  four 
pieces  were  then  secondarily  bonded  together  by  vacuum  bagging  around  the 
steel  layup  tool. 
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FIGURE  • GRAPHITE  X 53.93  FORWARD  RIH 
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Metal  Components 


The  centerline  rib,  centerline  splice  plates,  rear  spar,  B.P.  33.93  aft 
rib,  rear  spar  splice  fitting,  and  aft  wing  to  fuseLage  attach  fitting  were 
machined  from  aluminum  billets.  Dimensions  and  contours  of  these  parts  were 
controlled  from  tooling  transfer  patterns.  The  B.P.  33.93  rib  splice  and 
miscellaneous  clips  were  formed  from  aluminum  sheet.  Photographs  of  machined 
aluminum  components  are  presented  in  Figures  62,  63,  and  64. 

7.2  PROCESS  SPECIFICATIONS 

Throughout  the  program  a cooperative  effort  was  made  between  engineering, 
tooling,  and  manufacturing  to  insure  the  fabrication  of  high  quality  parts 
in  an  efficient  manner,  starting  with  a tooling/manufacturing  review  of  all 
parts  while  in  the  design  stage  and  culminating  with  an  engineering  approval 
ot  all  layups  and  bonding  prefits  prior  to  cure.  To  control  operations  nec- 
essary to  produce  high  quality  graphite  parts,  process  specifications  were 
written  by  MAP  personnel  in  conjunction  with  Manufacturing  Development  per- 
sonnel. The  following  two  specifications  were  developed  specifically  for 
this  program: 

HA0605-102  "Fabrication  of  Craphite/Epoxy  Laminate  and  Sandwich 
(CO  8679)" 

HA0605-103  "Assembly  of  Craphite/Epoxy  Wing  (GO  8679)" 

IIA0605-102  specifies  all  of  the  productive  and  non-productive  materials  to 
be  used  in  the  fabrication  of  composite  components,  material  storage  require- 
ments, laminate  layup  procedures,  laminate  cure  cycle,  sandwich  fabrication 
procedure,  and  adhesive  cure  cycle.  HA0605-103  specifies  assembly  procedures 
for  individual  components  of  the  wing  box  test  section  including  potting  of 
honeycomb  core,  sandwich  prefit  and  assembly,  requirements  for  process  con- 
trol specimens,  and  non-destructive  inspection  requirements.  Adherence  to 
these  detail  process  specifications  was  one  of  the  major  elements  of  the 
quality  assurance  plan  to  insure  structural  integrity  of  the  composite 
laminates  and  sandwich  panel  assemblies  produced  on  this  program.  The 
following  autoclave  cure  cycle  was  specified  and  used  for  all  of  the 
graphite/epoxy  laminates  fabricated  from  Fiberite  Hy-E  1034C  prepreg  tape: 

l‘ lace  vacuum  bagged  part  in  the  autoclave  at  ambient  pressure  (autoclave 
unpressurized)  at  room  temperature.  Full  vacuum  shall  be  maintained  on 
tile  part  until  the  part  has  been  completely  cured. 
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Raise  temperature  of  the  part  from  ambient  to  122°C  (250°F)  +5.5°C  ( 10°F) 
at  a rate  of  3°C  (5#F)  per  minute.  If  this  rate  of  increase  cannot  be 
achieved,  MM’  shall  be  contacted  for  revised  cure  and  pressure  cycle. 

The  revised  cure  cycle  authorized  shall  be  recorded  on  the  appropriate 
Quality  Control  document  and  subsequently  signature  approved  by  the 
responsible  engineer. 

Allow  the  laminate  to  dwell  for  15  +1  minutes  at  122°C  (250#F)  under  full 
vacuum  only. 

Pressurize  autoclave  to  85  + 5 psi. 

Maintain  122°C  (250°F)  + 5.5°C  (10°F)  and  85+5  psi  for  45  + 1 minutes. 

Inert ase  temperature  to  177°C  (350°F)  + 5.5°C  (10'F)  at  a rate  of  3*C 
( r>*l-  ) per  minute. 

Cure  for  1 hours  + 5 minutes  at  177*C  (350*F)  + 5.5*C  (10*F)  and 
8 5 + 5 p s i . 

Alter  cure  is  complete,  cool  autoclave  to  below  60'C  (140*F),  release  auto- 
clave pressure.  If  the  contraction  of  the  tool  on  cool  down  will  cause 
ovei  forming  in  areas  such  as  radii  of  angles,  the  vacuum  pressure  may  be 
dumped  and  the  positive  pressure  reduced  to  the  minimum  controllable  in 
the  autoclave  and  cooling  atcompl ished  under  these  conditions. 

iniilar  detail  instructions  are  included  in  the  process  specifications  for 
assembly  and  secondary  bonding  of  cured  laminates  and  honeycomb  core  for 
each  of  the  major  composite  subassemblies  of  the  composite  wing  box  test 
■■ed  ion,  Sign  off  of  process  control  cards  accompanying  each  component 
throughout  the  fabrication  sequence  was  required  to  confirm  material  han- 
dling procedures  and  the  performance  of  each  curing  and  bonding  operation 
according  to  the  schedule  set  forth  in  the  process  specifications. 

7.  i SPAR  CAP  BONDING 

A t t « r fabrication  and  inspection  of  the  individual  wing  box  test  section 
components  was  completed,  the  lower  cover  skin  was  mounted  in  the  outer 
cover  skin  layup  tool  and  secondary  bonding  of  the  intermediate  spar  caps 
to  t Ik  lower  cover  was  initiated.  Spar  caps  were  located  by  indexing  with 
the  master  mylar  template  and  held  in  position  with  the  steel  bar  tools 
ir.< d for  layup  of  the  spar  cap  U- sections.  AF-147  film  adhesive  was  placed 
between  the  spar  cap  and  skin  and  taped  along  the  edges  to  contain  squeeze 
out  overflow.  Clamp  pressure  was  applied  by  steel  cross  bars  extending 
a<  ross  the  spar  cap  bars  to  C-c lamps  at  the  edges  of  the  support  frame. 

I he  part  was  then  oven  cured  at  350°F  with  additional  C-clamp  pressure 
applied  after  heat  up.  Figure  65  shows  the  lower  cover  skin  after 
bonding  of  t he  intermediate  spar  caps. 
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f 65  LOW ER  INTERMEDIATE  SPAR  APS  BONDED  TO  LOWER  SKIN  PANE! 


I hi  front  spar  was  secondarily  bonded  to  the  lower  cover  skin  in  a simi- 
lar oven  curt  cycle,  however,  for  this  component  a prefit  check  was  made 
with  tin  spar  vacuum  bagged  to  the  skin.  Fiberglass  shims  were  added  as 
required,  AF- 147  film  adhesive  was  placed  between  the  faying  surfaces  and 
t hi  vacuum  bag  reinstalled  over  the  complete  spar  and  lower  cover  skin 
panel.  Additional  clamp  pressure  was  applied  on  the  spar  flanges  with 
bearing  blocks  and  clamp  plates  spaced  along  the  forward  and  aft  edges 
of  the  spar  and  the  part  was  oven  cured  at  350°F  with  vacuum  applied. 

Figure  6t>  shows  the  assembly  after  bonding  the  front  spar  to  the  lower 
skin  panel. 

7 .4  DRILLING  AND  FINAL  ASSEMBLY 

A final  as sernb 1 y /d r i 1 1 fixture  was  constructed  to  position  and  hold  the 
various  components  of  the  wing  box  test  section  during  the  final  assembly 
operation.  All  of  the  upper  and  lower  cover  skin  fastener  locations  were 
laid  out  on  a master  mylar  template  draped  on  the  mold  line  master  plaster 
model  as  described  in  Paragraph  7.1.1  and  indexed  to  the  final  assembLy/ 
drill  fixture.  The  assembled  detail  parts,  consisting  of  graphite  lower 
skin  panel,  front  spar,  intermediate  spars,  X^  33.93  fwd.  rib,  and  aluminum 
rear  spar,  rear  spar  splice  fitting,  centerline  rib,  33.93  aft  rib, 
centerline  splice  plates,  and  wing- to- f use lage  attach  fitting  are  shown 
in  figures  64  and  67  prior  to  positioning  in  the  assembly/driil  fixture. 
Figures  b8  and  69  show  the  detail  parts  located  in  the  fixture  ready 
for  drilling  and  installation  of  fasteners. 

Drilling  of  the  graphite  lower  skin  started  along  the  rear  spar  and 

X 11.93  locations,  followed  by  the  centerline  rib,  and  subsequently 
w 

tin  intermediae  spar  attachment.  Full  back-up  pressure  was  required 
on  the  graphite  to  prevent  the  exit  side  of  drilled  holes  from  splinter- 
ing, Those  exit  holes  that  showed  signs  of  splintering  were  brush 
coated  with  epoxy  to  stop  further  splintering.  Both  manual  hand  drilling 
or  controlled  feed  and  speed  were  used  to  provide  good  quality  fastener 
holes.  The  combination  of  graphite  skin  panel  and  aluminum  centerline 
rib  was  drilled  using  a Keller  positive  feed  drill;  it  being  necessary 
to  back  off  the  drill  several  times  to  clean  out  the  abrasive  graphite 
powder  and/or  aluminum  chips.  Approximately  four  1/4"  holes  can  be 
drilled  through  .400"  thick  graphite  laminate  before  resharpening  of 
the  carbide  drill  bit  is  required.  Liquid  epoxy  shims  were  incorporated 
into  the  installation  of  the  wing-to-fuselage  attach  fitting  and  the 
rear  spar  splice  fitting. 

I hi  intermediate  spar  webs  were  attached  to  the  lower  spar  caps  with 
Hi-I.ok  fasteners  and  to  the  adjacent  ribs  with  aluminum  clip  angles. 

The  upper  spar  caps  were  temporarily  attached  to  the  spar  webs  prior 
to  drilling  the  upper  cover  fastener  holes  to  allow  subsequent  installa- 
tion of  nutplates  in  the  spar  cap  as  shown  in  Figure  70.  Hi-Lok  fasteners 
were  installed  through  the  upper  spar  cap  and  spar  webs  after  all  drilling 
and  nutplate  installation  operations  were  completed. 
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(•it  up  ol  the  upper  cover  skin  to  the  sub  structure  was  checked  with  clay 
a i k oft  prior  to  installation  of  fasteners  and  showed  good  contact  at  all 
laving  surfaces  with  minimum  pull-up  pressure.  One  tapered  aluminum  shirt, 
was  added  to  the  fwd  portion  of  B.P.  33.93  rib  to  eliminate  an  0.050  inch 
tep  condition  at  the  rib  to  spar  intersection.  A small  amount  of  splin- 
r<  rin.  was  encountered  during  drilling  and  countersinking  of  the  upper 
cover  skin  fastener  holes  and  these  areas  were  brushed  with  epoxy  to 
prevent  further  splintering.  Drilling  of  the  upper  cover  skin  panel  was 
accomplished  with  no  hole  mislocations  and  no  hole  rework  required.  Only 
two  holes  in  the  graphi te /epoxy  sub  structure  required  bushing  to  eliminate 
an  out  of  round  condition. 

Six  rosette  strain  gages  were  bonded  to  the  inner  surface  of  the  wing 
skin  and  the  inboard  aft  intermediate  spar  prior  to  installation  of 
t lie  upper  cover  skin.  The  gages  and  individual  wire  lead^were  installed 
at  loe  ations  1 upper,  1)  lower  5 upper,  v5 ) lower,  13  spar  and 
Is*  spar  as  shown  in  Figure  80.  The  upper  skin  panel  fasteners  were 
installed  and  the  centerline  splice  plate  and  outboard  loading  plates 
were  added  to  complete  the  assembly.  Figures  1,  2,  71  & 72  show  the 
e emip I e t e d composite  wing  center  section  specimen  prior  to  shipment  to 
the  Naval  Air  Development  Center  for  subsequent  structural  test  and 
eva 1 uat ion . 
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SECTION  8.0 


QUALITY  ASSURANCE 


A general  plan  was  established  at  the  outset  of  the  program  to  provide 
quality  assurance  checking  of  all  components  of  the  wing  box  test  section. 
This  plan  covered  all  aspects  of  fabrication  and  assembly  of  the  test 
section  including  certification  of  incoming  materials;  storage  of  com- 
posite materials;  handling,  layup  and  cure  of  composite  materials;  prefit 
check  of  honeycomb  panel  assemblies;  dimensional,  strength  and  bond  line 
interrogation  checking  of  cured  laminates  and  bonded  assemblies;  and  pro- 
cedures for  repair  and  disposition  of  discrepancies.  The  following  para- 
graphs describe  the  methods  used  to  implement  this  plan  and  also  summarize 
the  type  and  extent  of  discrepancies  encountered  and  repair  procedures 
emp 1 oyed . 

8.1  MATERIAL  CERTIFICATION  AND  ACCEPTANCE 

All  materials  procured  for  fabrication  of  the  wing  box  test  section  were 
certified  to  meet  the  requirements  of  a military  specification,  industry 
specification,  vendor  specification,  or  Rockwell  specification.  The 
specifications  listed  below  were  invoked  for  procurement  of  the  primary 
constituent  materials  of  the  wing  box  test  section: 


Materia  1 

1.  Craphi te/Epoxy  Prepreg  Tape 

2.  Fibertruss  Honeycomb  Core 

3.  AF  147  Film  Adhesives 

4.  llysol  Adhesive  AI)X  3111.1 
Potting  Compound,  Parts  A & B 

5.  7075-F  Aluminum  Billet 


Spec  if xcation 

Rockwell  International  Corp. 
Columbus  Aircraft  Division 
Specification  HB0130-102 

Hexcel  Specification 

3M  Co.  Specification 

Dexter  Corp.,  Hysol  Division 
Spec  if icat ion 

Mil  Spec.  QQA367-H 


Conformance  of  the  graphite/epoxy  prepreg  tape  to  the  strength  and  stiff- 
ness requirements  of  HB0130-102  at  room  temperature  and  I50°F  was  con- 
firmed by  in-house  material  acceptance  tests.  Results  of  these  material 
acceptance  tests  are’  presented  in  Figures  17  and  18  of  Paragraph  6.1. 
Incoming  material  acceptance  tests  were  also  performed  to  confirm  the 
conformance  of  the  7075-F  aluminum  billets  to  the  strength  and  stiffness 
requirements  of  QQA367-H.  All  other  materials  were  accepted  on  the  basis 
of  the  vendor's  certification. 
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PROCESS  CONTROL 


8.2 

I'rorrss  control  specifications  HA0605-102  and  HA0605-101,  described  in 
Paragraph  7.2,  were  developed  to  define  in  detail  all  aspects  of  material 
handling  and  storage , laminate  layup  and  cure,  sandwich  panel  assembly, 
adhesive  bonding,  and  non-destructive  inspection  requirements  for  the 
wing  box  test  section  components.  Process  control  cards  were  prepared 
for  each  component  and  traveled  with  the  component  through  layup,  cure, 
sandwich  assembly,  secondary  bonding  and  inspection.  Temperature  and 
pressure  were  monitored  and  recorded  throughout  all  autoclave  cure  cycles 
and  these  records  were  verified  and  signed  off  by  shop  supervision. 

Strict  adherence  to  the  specified  cure  cycle  temperature  and  pressure 
schedule  was  the  prime  method  of  insuring  consistent  high  quality 
graphite/epoxy  laminates  on  the  program. 

Another  critical  area  of  process  control  was  in  the  prefit  check  of 
secondarily  bonded  honeycomb  sandwich  assemblies.  Face  to  core  disbonds 
arc  a common  type  of  defect  in  honeycomb  sandwich  construction  and  are 
often  the  result  of  improper  fit  between  the  core  and  face  sheet.  This 
condition  is  aggravated  in  sandwich  assemblies  containing  areas  of 
tapered  honeycomb  core.  Special  attention  was  therefore  directed  to 
inspection  of  the  Vinylite  prefit  verification  film  records.  These 
films  were  placed  between  the  graphite/epoxy  face  sheets  and  Fihertruss 
core,  vacuum  bagged  and  placed  in  the  autoclave  for  prefit  check.  Any 
areas  showing  lack  of  complete  imprint  of  the  honeycomb  core  were  reworked 
by  sanding  the  Kibertruss  core  blanket  to  remove  high  spots  and  resubmitted 
for  prefit  check  to  verify  an  acceptable  mark  off  condition.  An  additional 
layer  of  AF-1A7  film  adhesive  was  included  in  areas  showing  light  imprint 
in  the  final  prefit  check.  These  profit  mark  off  film  records  were  docu- 
mented and  stored  for  future  reference  along  with  the  cure  cycle  records. 

As  a result  of  this  profit  check  procedure  no  face  to  core  disbonds  were 
d i t<<  ted  In  any  honeycomb  sandwich  panel  assemblies  with  the  exception  of 
one  intermediate  spar  panel  which  disbonded  during  the  secondary  bonding 
ol  edge  doublers  with  the  center  of  the  panel  inadvertently  exposed  to 
the  )50®K  cure  temperature  without  a constraining  vacuum  bag. 

••raph I te/epoxy  process  control  specimens  were  laid  up  and  cured  with  each 
face  sheet  laminate  using  materials  from  the  same  lot  and  roll.  These 
specimens  were  of  the  same  ply  orientation  and  thickness  as  the  basic 
face  sheet  laminate  and  cured  on  a portion  of  the  same  layup  tool,  and 
were  available  for  fabrication  into  tensile,  compression  or  short  beam 
shear  test  coupons  for  laminate  strength  evaluation  in  the  event  that 
a curt'  cycle  deviation  should  occur.  Test  results  of  process  control 
specimens  produced  with  the  lower  cover  skin  face  sheets  are  discussed 
In  Paragraph  8. A. 
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8.3  INSPECTION  TECHNIQUES 

The  basic  requirements  for  inspection  of  the  composite  wing  box  test 
section  were  means  for  checking  the  dimensional  accuracy  of  the  various 
components  and  assemblies,  and  means  for  detection  of  defects  and  dis- 
crepancies within  these  components  and  assemblies.  Dimensional  checking 
of  wing  surface  contours  was  accomplished  by  reference  to  the  roaster 
plaster  models  described  in  Section  7.0  and  to  various  plaster  splashes 
and  contour  templates  made  from  these  master  models.  Location  of  spars, 
ribs,  and  fasteners  was  checked  by  reference  to  a mylar  master  template 
indexed  to  the  master  plaster  models  and  by  optical  alignment  in  the 
assembly/drill  fixture  described  in  Section  7.0.  Detail  part  dimensions 
were  checked  by  shop  inspection  personnel  for  conformance  to  tolerances 
specified  on  engineering  drawings  prior  to  being  stamped  for  approval. 

The  type  of  defects  required  to  be  detected  by  non-destructive  inspec- 
tion methods  were  set  forth  in  process  control  specification  HA0605-103 
and  are  as  follows: 

Honeycomb  Core-to-Kace  Voids 

Voids  in  the  core-to-face  area  detectable  when  standardized  on  a 
3/8-inch  void. 

faying  Surface  Voids 

Visual  examination  shall  reveal  no  voids  at  the  edge  of  the  bond  line 
and  in  addition  there  shall  be  no  detectable  voids  when  standardized 
on  a 3/16  inch  void. 

Interply  De laminat ions 

Detectable  voids  revealed  by  visual  examination  or  by  ultrasonic 
through-transmission  when  standardized  on  a 1/A-inch  void. 

Crushed  or  Split  Core 

Crushed  or  split  ( g lass- re  inf orced  honeycomb)  core  revealed  by  visual 
and/or  X-ray  inspection. 

Fiber  fracture  and  Cracks 

Surface  fractures  or  cracks  detectable  by  visual  examination. 

Sc  ratches 


Scratches  extending  into  the  graphite  filament. 
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Hole  s 


Drilled  holes  in  either  the  graphite  or  glass  epoxy  shall  be  visually 
examined  to  establish  any  delamination  as  the  result  of  push-out, 
lift  of  the  external  ply  at  drill  entry,  and  peeling  of  fibers  on  the 
exit  side. 

The  following  equipment,  test  standards,  and  procedures  were  utilized 
in  this  program  to  interrogate  the  laminates  and  bonded  honeycomb 
sandwich  assemblies  for  evidence  of  the  defects  listed  above: 

Ultrasonic  through  transmission  inspection  was  performed  for  the 
detection  of  nonbonds  or  delaminations  of  .187  inch  in  diameter 
or  larger.  The  ultrasonic  system  that  was  utilized  is  designed 
specifically  for  through  transmission  inspection  and  utilizes  two 
t ransduc ers . 

Ultrasonic  Inspection  System  - Automation  Industries,  Inc.  squirter 
type  system  for  performing  through-transmission  ultrasonic  inspection 
techniques.  (Reference:  Figures  73  and  74).  The  system  includes: 

- Model  US  640  Series  8 ft.  scanning  bridge  with  automated 
X-Y  positioning  assemblies.  The  scanning  bridge  is  mounted 
8 1/2  ft.  above  the  floor. 

- Mode l UM  7 7 1 B Kef lec t roscope 

- Model  US  950  Remote  X-Y  Recorder,  22  inch  usable  scan  width, 
designed  to  produce  permanent  high  quality  "C"  scan  recordings 
on  a dry  type  recording  paper.  The  recorder  has  1/2:1,  1:1, 

2:1,  4:1,  and  8:1  recording  ratios. 

dm  transducer  transmits  the  sound  into  the  test  material  and  the  second 
transducer  receives  the  sound  transmitted  to  the  opposite  surface  of  the 
material.  If  the  material  is  sound,  ultrasonic  energy  will  be  transmitted 
and  an  indication  shown  on  the  cathode  ray  tube.  If,  however,  a flaw 
exits  in  the  material,  all  or  a portion  of  the  sound  energy  will  be 
re  I lec  ted  and  the  presence  of  the  flaw  shown  on  the  CRT  by  a complete 
or  partial  loss  of  the  indication.  Flaws  that  have  a cross-sectional 
area  less  than  the  sound  beam  diameter  will  cause  only  a partial  loss 
of  the  indication.  The  loss  will  normally  be  in  proportion  to  the 
difference  between  the  flaw  cross-sectional  area  and  the  sound  beam 
dlam»  ter  as  shown  below.  Flaws  with  cross-sectional  areas  equal  or 
greater  than  the  sound  beam  diameter  will  cause  complete  loss  of  the 
i nd  Ic  a t i on  . 
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Transducers  must  be  tightly  coupled  to  the  test  material  since  air  has 
a very  high  absorption  of  ultrasound.  Coupling  between  the  transducers 
and  graphite  test  panels  was  accomplished  by  water  squirters  attached  to 
the  transducers  as  shown  below.  Water  forced  through  the  nozzles  carries 
the  sound  beam  between  the  transducers  and  test  part  as  shown  below. 

This  coupling  method  provides  all  the  advantages  offered  by  the  immersion 
test  and  in  addition  does  not  require  submersion  of  the  test  material  in 
water.  Ultrasonic  inspection  of  the  lower  skin  sandwich  panel  is  shown 
in  Figure  75. 


Squirter  through-transmission  technique 
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Reference  standard  panels  simulating  the  X 33.93  rib,  skins,  and  spars 
in  regard  to  material,  cross  section,  and  processing  and  containing  in- 
tentional known  voids  were  provided  for  equipment  calibration.  Voids 
were  installed  in  the  standards  by  using  folded  strips  of  0.004  inch 
thick  glass-filled  teflon  to  result  in  a width  of  3/16  inch.  Intentional 
voids  were  well  identified;  porous  foaming  adhesive  was  revealed  as  un- 
intentional voids. 

8.4  MATERIAL  REVIEW  DISPOSITIONS 

The  philosophy  for  material  review  dispositions  implemented  procedures  to 
meet  quality  assurance  goals  while  avoiding  constraints  which  cause  delay 
or  undue  cost.  When  a discrepancy  was  detected,  the  Responsible  Engineer 
was  immediately  contacted  by  Manufacturing  for  disposition.  The  squawk/ 
defect  and  disposition  were  recorded  on  a manufacturing  planning  ticket 
and  the  ticket  signed  off  by  the  Responsible  Engineer  after  rework  was 
satisfactorily  accomplished.  Semi-major  rework  was  authorized  by  internal 
letter  while  major  rework  was  discussed  with  the  NADC  Project  Engineer. 

In  general,  the  fabrication  of  the  wing  box  test  section  progressed  with 
only  minor  discrepancies.  No  evidence  of  face  to  core  disbonds  were  de- 
tected with  the  exception  of  the  case  where  the  vacuum  bag  was  inadvertently 
omitted  from  the  web  of  the  intermediate  spar  during  secondary  bonding  of 
edge  doublers.  The  most  common  types  of  defects  detected  were  porosity  in 
the  core  potting  compound,  small  voids  at  the  edge  of  secondarily  bonded 
spar  caps,  laminate  outer  ply  delamination,  and  splintering  of  the  exit 
ply  of  cover  skins  and  rib  caps  during  fastener  hole  drilling.  EC-2214 
"Hi-Temp"  adhesive  was  used  to  fill  non-bond  areas  in  the  front  spa.  flange 
edge;  EC-2216  room  temperature  adhesive  being  used  in  the  lower  intermediate 
spar  caps  after  assembly  on  the  lower  skin  panel.  Epox  828  epoxy  resin 
was  injected  and  cured  to  repair  a small  delamination  of  the  center  ply 
of  the  inner  facing  of  the  front  spar;  mold  line  facing  of  the  lower  skin 
panel;  and  B.P.  33.93  rib  cap;  no  graphite  filaments  being  fractured. 
Spintering  at  drilled  holes  was  brush  coated  with  room  temperature  cure 
epoxy  resin. 
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After  distortion  of  the  lower  skin  sandwich  panel  occurred  as  described 
in  7.1.1,  short  beam  test  coupons  were  cut  from  the  inner  and  outer 
facings  of  the  upper  and  lower  skin  panel  process  control  panels. 
Kesultant  test  data  presented  in  Table  8 showed  some  scatter  in  inter- 
laminar shear  properties  which  was  evaluated  along  with  the  stresses 
used  in  the  analysis  of  the  composite  wing  and  the  effect  of  the  lower 
material  properties  evident  in  the  outer  facing  of  the  lower  skin  panel. 
It  was  concluded  that  forcing  the  panel  to  mold  line  on  assembly  would 
pre-stress  the  panel,  producing  beneficial  compression  stresses  in  the 
outer  face  sheet,  thereby  off-setting  the  low  properties  for  applied 
tension  stresses  and  continued  fabrication  was  authorized. 

Material  review  action  taken  to  correct  discrepancies  that  occurred 
during  the  Installation  of  the  upper  skin  panel  consisted  of  sub- 
stituting seven  NAS1609-4L23  Jo-Bolts  in  place  of  NAS-1104  fasteners 
in  the  centerline  rib  where  nutplates  were  inadvertently  omitted  and 
substituting  one  NAS1670-4L13  Jo-Bolt  for  a NAS1580A4T13  fastener  in 
the  33.93  rib  where  a nutplate  stripped.  A Heli-Coil  was  also  added 
to  the  aluminum  centerline  rib  where  a nutplate  could  not  be  installed. 
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TABLE  8 

SHORT  BEAM  TEST  DATA  FOR  INTERLAMINAR  SHEAR 
OF  GRAPHITE/EPOXY  LAMINATE 

(Coupons  cut  from  process  control  panels) 


Upper  Skin  Panel 


f . 

1SU 

(psi) 

Outer  Facing 

Inner  Facing 

Longitudinal 

10733 

10875 

7979 

8244 

8703 

8533 

Transverse 

6480 

6501 

5882 

6057 

6139 

6067 

Lower  Skin  Panel 

f . 

1SU 

(psi ) 

Outer  Facing 

Inner  Facing 

Longi tud ina 1 

7351 

10042 

7 304 

10260 

7131 

8958 

Transverse 

5174 

7 353 

5488 

6683 

4974 

6249 
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SECTION  9.0 
STRUCTURAL  TEST 


9.1  TEST  LOAD  CONDITIONS 

Two  loading  conditions  were  determined  to  be  critical  for  the  wing;  i.e., 
maximum  vertical  landing  and  a symmetrical  6.5g  pull-up  at  0.9b  Mach 
number,  q = 1249  FSF  limit  load.  The  maximum  vertical  landing  condition 
was  critical  for  static  strength  and  this  condition  is  proposed  for  static 
testing.  Applied  loads  at  R.S,  Sta.  79.54  for  the  maximum  vertical  landing 
condition  are  shown  in  Figure  76.  For  further  static  and/or  fatigue  testing 
of  the  composite  wing  specimen  applied  loads  are  shown  in  Figure  77  and 
Table  9 . The  loads  shown  in  Figure  77  represent  the  net  outboard  loads 
which  are  applied  at  R.S.  Sta.  79.54  with  the  distributed  air  load  inboard 
of  R.S.  Sta.  79.54  presented  in  Table  9 as  applied  to  NASTRAN  node  points 
for  convenience  in  defining  pad  loads.  Figure  77  and  Table  9 constitute 
the  net  applied  loads  for  the  symmetrical  pull-up  condition  to  obtain  the 
} correct  inboard  stress  distributions  in  the  composite  wing  test  specimen. 

Steel  loading  straps  were  added  to  the  wing  test  specimen  at  R.S.  Sta. 

79.54  to  facilitate  attachment  of  the  necessary  loading  beams  and  hydraulic 
jacks  to  apply  the  net  loads  shown  in  Figure  78  . A general  arrangement  of 
the  structural  test  set  up  is  shown  in  Figure  79. 

Testing  will  be  performed  by  the  Naval  Air  Development  Center  and  the  test 
procedures  and  test  results  will  be  published  as  Appendix  C to  this  report 
hi  ter  date. 

9.2  STRAIN  CAGE  INSTRUMENTATION 

Proposed  instrumentation  for  the  static  test  is  shown  in  Figures  80  and  81 
for  strain  gages  and  deflection  transducers,  respectively.  Since  several 
rosette  strain  gages  were  either  back-to-back  or  installed  on  intermediate 
spar  webs  the  internal  gages  were  mounted  on  the  wing  test  specimen  during 
final  assembly,  numbered,  and  wire  bundles  brought  to  the  outboard  end 
(R.S.  Sta.  79.54)  for  convenient  pick-up.  Six  rosette  strain  gages  were 
bonded  to  the  inner  surface  of  the  wing  skins  and  the  inboard  aft  inter- 
mediate spar  prior  to  installation  of  the  upper  cover  skin.  The  gages 
and  Individual  wire  leads  were  installed  at  locations  (T)  upper,  lower, 

(?)  upper,  lower,  (Ti)  spar  and  (l4)  spar  as  shown  in  Figure  80.  Figure 

80  also  shows  the  remaining  external  gages  proposed  for  installation  by 
the  Naval  Air  Development  Center  prior  to  testing. 


126 


INBOARD 


1 


7500#  4461#  5923# 


VIEW  LOOKING  INBOARD 


R.S.  Sta. 


7243#  VIEW  LOOKING  DOWN 7 868# 


Loads  applied  to  wing  at  R.S.  Station 
79.54  as  shown.  R.H.  rule  applies  for 
moments  acting  on  structure. 


Note:  R.S.  Sta.  79.54  loads  to  be  applied 

to  TT- 18636  test  fixture  lugs  shown 
in  Figures  1 6.  71.  Sta.  33.93  rib 
loads  to  be  applied  at  wing  to  fuselage 
attach  fitting  shown  in  Figure  2. 


STATION  33.93  RIB  AT  REAR  SPAR 


FIGURE  76  MAXIMUM  VERTICAL  LANDING  CONDITION  TEST  LOADS 
(ULTIMATE  LOADS) 
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INBOARD 


.4 


10828# 


VIEW  LOOKING  INBOARD 


1395# 


R.S.  Sta. 


Note : R.S.  Sta.  79.54  loads  to  be  applied 

to  TT- 18636  test  fixture  lugs  shown 
in  Figures  1 A 71.  Sta.  33.93  rib 
loads  to  be  applied  at  wing  to 

fuselage  attach  fitting  shown  in 
figure  2. 

Loads  applied  to  wing  at  R.S.  Station 
79.54  as  shown  in  addition  to  airloads 
shown  in  Table  9, 

R.ll.  rule  applies  for  moments  acting 
on  structure. 

f 20259# 

STATION  33.93  RIB  AT  REAR  SPAR 


FICURE  77  CRITICAL  FLIGHT  CONDITION  TEST  LOADS 
(ULTIMATE  LOADS) 
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TABLE  9 FLIGHT  CONDITION  NODE  POINT  LOADING  FOR  APPLIED  AIRLOADS  (ULT.) 
NOTE:  Sign  Convention:  +Px  Outb'd,  +Py  Aft  +Pz  Up 

See  Figure  67  for  X , Y locations 
° w w 


NOW 

X 

w 

Y 

w 

>'* 

['y 

l.OWf  I 

Upper 

1 Tl’<‘' 

T.OV.1  I 

.owe  r 

50*113 

50533 

>3,93 

44.55 

6 

-26 

-ii 

9 

247 

505K 

505  34 

33.9} 

55.52 

25 

-18 

-15 

12 

323 

1 50515 

50535 

3 3.0  3 

66.49 

43 

-8 

-17 

15 

400 

50516 

50536 

3 3,03 

77.93 

60 

3 

-19 

17 

479 

50517 

50537 

33.93 

89.  36 

76 

15 

-21 

18 

558 

505  IB 

50536 

33.93 

09.09 

90 

25 

-21 

19 

626 

505 1 9 

50539 

31.93 

108.82 

102 

36 

-22 

19 

694 

50613 

506  3 3 

38.46 

46.21 

10 

-21 

-17 

3 

239 

50713 

50733 

43.00 

51.87 

- 1 5 

15 

-3 

1 

57 

50714 

507  34 

38.55 

59.04 

29 

-13 

-20 

6 

31  3 

1 50613 

50833 

47.73 

55.68 

-14 

15 

-3 

0 

106 

| 50814 

50834 

4 3.  37 

62.71 

-18 

20 

-4 

1 

71 

| 50815 

50835 

38.84 

70.01 

46 

-3 

-23 

8 

387 

50913 
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-13 

15 

-a 

-1 

156 

50914 
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20 

-A 

1 

121 
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73.52 

-21 

26 

-A 
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86 
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63 
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10 

465 

| 51013 

51033 

56.48 

62.74 

-7 

7 

-3 

0 
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20 

-4 

0 
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25 

-A 

1 
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30 

-4 

2 

91 

I 51017 

51037 
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79 

18 

-26 

12 
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51113 
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60.50 
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-6 

8 

-3 

-1 
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56.39 
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-9 

10 

-3 

0 
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51115 
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52.11 
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25 

-5 

0 
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51116 
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30 

-5 

1 
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81 

22 
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6 
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92 

29 

-26 
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-8 

10 

-A 

0 
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13 

-4 

0 
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* UA  denotes  upper  skin  rosette  leg  A 
LB  denotes  lower  skin  rosette  leg  B 
SA  denotes  spar  web  rosette  leg  A 
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I All  dc  flection  transducers  arc- 

located  on  front  spar,  rear  spar, 
or  inter,  spar  lines  and  are 
located  at  NASTRAN  node  points. 

. e r for  bending  rotation 


U.3 


* 


1 6 .4 


21.2 


K.S.  Sta.  79.54 


14.2 


I 3.0 


^ .S . Plane 


19.25 


18.4 


<r 


X 'b 
w 

Y 115 
1 w 


Aft  Inter. 

ane 


A ^ Alt  lntc 
.68-^  Spar  PI  a 

5.89 Lbf 

Ji 


t 

. . OObjL  | 


X 8' 

I w 

Y 102.  12 

w j 1 * 


Fwd  Inter. 
Spar  Plane 


i 

l>* 

I V 90. 5 J1)  K.S.  P 

1 w 

Yw  90.2180 


1 ane 


17.8 


^Attach  to  I -Beams  used  for  bending  moment  application. 


FI  GURU  81  PROPOSF.I)  DEFLECTION  TRANSDUCER  LOCATIONS 


“ — ~ T 


1 


10.0  RECOMMENDATIONS 


% It  is  recommended  that  future  design  of  the  composite  wing  baseline 

structural  configuration  include  the  following  production  improvements. 
Splice  densified  core  into  the  upper  cover  skin  panel  and  intermediate 
spar  core  blankets  in  the  areas  now  filled  with  potting  compound  for 
stabilization  during  fastener  installation.  Integrate  the  intermediate 
spar  webs  with  the  lower  spar  caps  to  eliminate  a Hi-Lok  fastened  joint. 
Incorporate  a woven  outer  ply  on  all  graphite  skins  to  facilitate  handling 
and  reduce  splintering  at  drilled  holes  and  machined  surfaces;  limited 
fatigue  test  data  warrants  an  evaluation  of  an  exterior  woven  ply  on 
surface  de lamination. 

% Design  and  fabricate  two  flightworthy  graphite/epoxy  composite  wing 

structural  boxes  that  are  compatible  with  the  XFV-12A  aircraft.  Static 
test  one  wing  box  to  demonstrate  structural  integrity;  the  other  struc- 
tural wing  box  to  be  installed  on  either  Proto  #1  or  Proto  #2  and  flight 
tested  to  evaluate  inflight  characteristics  of  a composite  wing.  The 
wing  design  will  be  an  extension  of  the  center  section  specimen  as 
modified  to  incorporate  recommended  changes  and  those  resulting  from 
testing  of  the  specimen. 
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STRUCTURAL  ANALYSIS 
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STRUCTURAL  ANALYSIS 


This  appendix  includes  internal  load  summaries  as  well  as  pertinent 
structural  analyses  of  critical  areas  and  stiffness  data  not  presented 
in  the  main  body  of  this  report.  The  areas  considered  of  importance 
for  strength  and  stiffness  assessment  of  the  composite  wing  are  as 
foil ows : 

(a)  summaries  of  wing  cover  stresses  for  critical  landing 
and  flight  conditions 

(h)  wing  cover  panel  stability  analysis  of  honeycomb  sandwich 
pane  1 s 

(c)  wing  spar  shear  flow  summaries 

(d)  free  body  diagrams  of  major  structural  elements 

(e  ) wing  spar  cap  and  attachment  analyses 

(f)  wing  centerline  splice  analysis 

(g)  wing-to-fuselage  attachment  analysis 

(h)  deflections 


WIN<;  COVER  STRESSES 


Summaries  of  upper  and  lower  wing  cover  stresses  are  presented  for  both 
the  MAX.  VERTICAL  LANDING  CONDITION  and  the  critical  symmetrical  pull-up 
f 1 ight  condi tlon. 

MAX.  VERTICA1  LANDING  CONDITION 

Figures  A-l  and  A-2  summarize  the  upper  cover  stresses  for  the  inboard 
and  outboard  areas,  respectively,  for  the  original  configuration  prior 
to  increasing  the  aluminum  spar  cap  area.  Figure  A- 3 defines  the  in- 
board upper  cover  stress  distribution  after  the  aluminum  spar  cap  areas 
wer<  increased  to  reduce  the  cover  stresses.  The  lower  cover  stress 
distributions  for  the  inboard  and  outboard  areas  are  shown  in  Figures 
A-4  and  A-5,  respectively,  for  the  wing  prior  to  increasing  the  rear 
spar  cap  area.  The  reduction  in  inboard  lower  cover  stresses  as  a 
consequence  of  increasing  the  rear  spar  cap  area  is  illustrated  in  the 
stress  distribution  shown  in  Figure  A-6. 

SYMMETRICAL  FLIGHT  CONDITION  470303 


The  cover  stress  distributions  shown  in  Figures  A- 7 through  A- 10  rep- 
resent the  stresses  for  the  symmetrical  flight  condition  as  computed 
prior  to  increasing  the  rear  spar  cap  area.  Upper  cover  stresses  are 
shown  in  Figures  A-7  and  A-8  and  lower  cover  stresses  shown  in  Figures 
A-9  and  A-10.  It  should  be  noted  that  the  stresses  shown  for  the  flight 
condition  in  the  wing  root  area  are  significantly  lower  than  those  ob- 
tained  for  the  MAX.  VERTICAL  LANDING  CONDITION. 

Figure  A- 1 1 shows  the  final  aluminum  rear  spar  cap  areas  used  to  obtain 
lower  cover  skin  stresses  ( (T  ~ 35000  psi). 

Maximum  principal  stress  directions  for  the  inboard  end  of  the  upper  and 
lower  covers  are  shown  in  Figures  A-12  and  A-13,  respectively. 
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COVER  PANEL  STABILITY  ANALYSIS 


Cover  panel  stability  was  investigated  using  the  methods  of  the  Advanced 
Composites  Design  Guide  and  the  AC5  computer  program  for  definition  of 
the  buckling  coefficient  for  the  biaxia I ly- loaded  anisotropic  critical 
panels.  Both  upper  and  lower  covers  were  investigated  for  critical  areas 
within  the  panels  (k) , (T) , (?) , (n),  (o) , and  (?)  as  shown  in  Figure  A-14. 
Stability  analysis  of  these  critical  areas  is  shown  on  the  following 
pages. 
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WING  Sl'AR  SHEAR  FLOWS 

Two  figures  are  presented  to  illustrate  the  wing  spar  web  shear  flow 
distribution  as  defined  by  the  NASTRAN  computer  analysis.  Figure  A-15 
shows  the  spar  web  shear  flows  for  both  the  MAX.  VERTICAL  LANDING 
CONDITION  and  the  critical  symmetrical  flight  condition  based  on  the 
original  spar  cap  areas.  The  updated  spar  web  shear  flows  for  the 
MAX.  VERTICAL  LANDING  CONDITION  are  shown  in  Figure  A- 16  based  on 
the  Increased  spar  cap  areas  of  the  final  configuration. 


I-  KK1.  BODY  DIAGRAMS 


Free  body  diagrams  arc  presented  in  Figures  A-17,  A-I8,  and  A-I9  for 
the  centerline  rib,  B.P.  33.93  rib,  and  inboard  end  of  the  rear  spar, 
respectively.  The  free  body  diagrams  were  obtained  by  utilizing  the 
NASTRAN  internal  loads  program,  level  15.9. 
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WINC  SI’AK  ANALYSIS 

Analysis  of  critical  spar  areas  is  shown  on  the  following  pages  and 
includes  skin  attachment  to  the  fwd  spar,  fwd  spar  upper  cap,  upper 
skin  attachment  to  fwd  intermediate  spar,  and  lower  skin  attachment 
to  fwd  intermediate  spar. 
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The  critical  wi ng- to- f use lage  attachment  fitting  and  attachment  of  the 
fitting  to  the  rear  spar  of  the  wing  are  analyzed  in  this  section.  The 
critical  mode  is  shearout  of  the  attachment  lug  for  the  net  load  of 
Irtlbl  lbs.  produced  by  the  MAX.  VERTICAL  LANDING  CONDITION. 
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M^uifs  A-20  and  A - 2 1 present  the  wing  vertical  deflection  for  each  spar 
lor  the  MAX.  VKRTICAl  LANDING  CONDITION  and  the  critical  flight  condition, 
respectively.  Deflections  were  defined  by  the  NASTRAN  computer  program. 
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FIGURE  A-2 1 WING  VERT.  DEFLECTIONS  RELATIVE  TO  W.R.P 
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COMPOSITE  WING  DRAWINGS 
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B-l  COMPOSITE  WING  TEST  SECTION  DRAWINGS 


Tht  drawings  presented  in  this  section  include  the  structural  assembly 
of  the  composite  wing  center  section  test  specimen  (8679-110100),  upper 
and  lower  skin  panels  of  the  center  section  test  specimen  (8679-110101 
and  8679-110102),  and  a production  flow  diagram  for  the  test  section. 

ihe.se  drawings  reflect  the  configuration  fabricated  and  delivered  to  i 

the  Naval  Air  Development  Center  for  test.  Figure  B-l  (8  sheets) 
describes  th<  structural  assembly,  and  Figures  B-2  and  B-3  illustrate 
the  fabrication  and  assembly  of  the  upper  and  lower  skin  panels,  re- 
spectively. The  production  flow  diagram  for  the  test  section  is  shown 
in  Figure  B-4. 
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B-2  C.OMIM.KTK  WING  STRUCTURAL  ARRANGEMENT 

figure  15-5  (l)wg.  8679-100001  , 3 sheets)  illustrates  the  complete  wing 
structural  arrangement  as  an  extension  of  the  test  section  described  in 
Section  B-l.  These  drawings  illustrate  the  complete  wing  including 
access  doors,  tip  rib,  and  provisions  for  attaching  leading  and  trailing 
edge  structure. 
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H-3  Al.TKRNATE  DESIGN  CONCEPT  DRAWINGS 


figures  B-6  and  B-7  illustrate  the  "Configuration  C"  concept  which 
is  presented  as  an  alternate  design.  This  design  utilizes  a multi-cell 
procured  substructure  outboard  of  X 33.93  and  full  depth  Trussgrid  core- 
inboard  of  X 33.93.  A production  ^low  diagram  for  this  configuration 
is  shown  in  Yi  gure  B-8. 
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